(19) 



" Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(ID EP 1 168 291 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

02.01 .2002 Bulletin 2002/01 

(21) Application number: 01114361.7 

(22) Date of filing: 13.06.2001 



(51) mtci. 7 ; G09G 3/32 



(84) Designated Contracting States: 


(72) 


Inventors: 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


• 


Yamazaki, Shunpei 


MC NL PTSETR 




Atsugi-shi, Kanagawa-ken 243-0036 (JP) 


Designated Extension States: 


• 


Koyama, Jun 


AL LT LV MK RO SI 




Atsugi-shi, Kanagawa-ken 243-0036 (JP) 




• 


Kazue, Hosoki 


(30) Priority: 13.06.2000 JP 2000176246 




Atsugi-shi, Kanagawa-ken 243-0036 (JP) 


(71) Applicant: SEMICONDUCTOR ENERGY 


(74) 


Representative: 


LABORATORY CO., LTD. 




Grunecker, Kinkeidey, Stockmair & 


Atsugi-shi Kanagawa-ken 243-0036 (JP) 




Schwanhausser Anwaltssozietat 






Maximilianstrasse 58 






80538 Munchen (DE) 



(54) Display device 

(57) The image quality of a display device using a 
bottom gate TFT is improved. In particular, fluctuation 
in luminance is controlled and the frequency character- 
istic of a driver circuit is compensated by suppressing a 
change in amount of current flowing through an EL ele- 
ment which is caused by a change in surrounding tem- 
perature while the device is in use. A monitoring EL el- 
ement is provided in addition to a pixel portion EL ele- 
ment. The monitoring EL element constitutes a temper- 
ature compensation circuit together with a buffer ampli- 
fier and the like. A current is supplied to the pixel portion 
EL element through the temperature compensation cir- 
cuit. This makes it possible to keep the amount of cur- 
rent flowing through the pixel portion EL element con- 
stant against a change in temperature, and to control 
the fluctuation in luminance. An input signal is subjected 
to time base expansion to perform sampling with accu- 
racy. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to an electronic 
display device fabricated by forming EL (electrolumines- 
cence) elements on a substrate, specifically, to an EL 
display device using a semiconductor element (an ele- 
ment formed from a semiconductor thin film). The inven- 
tion also relates to electronic equipment employing the 
EL display device as a display unit. 
[0002] The EL element herein includes both an ele- 
ment that utilizes light emission from a singlet exciton 
(fluorescence) and an element that utilizes light emis- 
sion from a triplet exciton (phosphorescence). 

2. Description of the Related Art 

[0003] Development of EL display devices having an 
EL element as a self-luminous element is flourishing in 
recent years. The EL display devices are also called or- 
ganic EL displays (OELDs) or organic light emitting di- 
odes (OLEDs). 

[0004] The EL display devices are self-luminous un- 
like liquid crystal display devices. The EL element is 
structured such that an EL layer is sandwiched between 
a pair of electrodes (an anode and a cathode). The EL 
layer usually has a laminate structure. Typical example 
thereof is a laminate structure consisting of a hole trans- 
portation layer, a light emitting layer and an electron 
transportation layer which has been proposed by Tang, 
et al. of Eastman Kodak Company. This structure is very 
high in light emission efficiency, and is employed by al- 
most all of EL display devices currently under develop- 
ment, 

[0005] Other examples of the structure of the EL layer . 
include a laminate structure consisting of an anode, a 
hole injection layer, a hole transportation layer, a light 
emitting layer and an electron transportation layer which 
are layered in this order, and a laminate structure con- 
sisting of an anode, a hole injection layer, a hole trans- 
portation layer, a light emitting layer, an electron trans- 
portation layer and an electron injection layer which are 
layered in this order. The light epnitting layer may be 
doped with a fluorescent pigment or the like. 
[0006] In this specification, all layers that are formed 
between an anode and a cathode are collectively called 
an EL layer. Therefore the EL layer includes all of the 
above hole injection layer, hole transportation layer, light 
emitting layer, electron transportation layer and electron 
injection layer. 

[0007] A pair of electrodes (a cathode and an anode) 
applies a given voltage to the EL layer structured as 
above, whereby carrier recombination takes place in the 
light emitting layer to cause the layer to emit light. The 
voltage applied between two electrodes (an anode and 



a cathode) of an EL element is herein referred to as EL 
driving voltage. An EL element emitting light is herein 
expressed as an EL element being driven. A light emit- 
ting element composed of an anode, an EL layer and a 
5 cathode herein will be referred to as EL element. 

[0008] Fig. 4 is a block diagram showing a multi-gray 
scale EL display device. The display device shown here 
is of the type that obtains gray scale by inputting a digital 
signal into a source signal line driving circuit and uses 

10 a digital gray scale method. Particularly the case of us- 
ing time division gray scale method for varying the lumi- 
nance by controlling the period of time during which a 
pixel emits light will be described. 
[0009] The EL display device of Fig. 4 has a pixel por- 

f5 tion 1 01 and a source signal line driving circuit 1 02 and 
a gate signal line driving circuit 1 03 which are arranged 
in the periphery of the pixel portion 101 .The pixel portion 
and the driving circuits are composed of thin film tran- 
sistors (hereinafter referred to as TFTs) formed on a 

20 substrate. An external switch 116 for controlling the EL 
driving voltage is connected to the pixel portion 101 . 
[0010] The source signal line driving circuit 102 in- 
cludes, basically, a shift register 102a, a latch (A) 102b 
and a latch (B) 102c. The shift register 102a receives 

25 input of a clock signal (CLK) and a start pulse (SP). The 
latch (A) 1 02b receives input of digital data signals (de- 
noted by VD in Fig. 4) whereas the latch (B) 102c re- 
ceives input of latch signals (denoted by S_LAT in Fig. 

30 [0011] The digital data signals VD to be inputted to 
the pixel portion 101 are generated in a time division 
gray scale data signal generating circuit 1 1 4. This circuit 
converts video signals that are analog signals or digital 
signals containing image information into the digital data 

35 signals VD for time division gray scale. The circuit 114 
also generates a timing pulse or the like that is neces- 
sary for time division gray scale display. 
[0012] Typically, the time division gray scale data sig- 
nal generating circuit 114 includes means for dividing 

40 one frame period into a plurality of sub-frame periods in 
accordance with n bit gray scale (n is an integer of 2 or 
greater), means for selecting either a writing period or 
a display period in each of the plural sub-frame periods, 
and means for setting the length of the display period. 
[001 3] The pixel portion 1 0 1 is structured generally as 
shown in Fig. 5. In Fig. 5. the pixel portion 101 is pro- 
vided with gale signal lines (G1 to Gy) to which a select- 
ing signal is inputted and source signal lines (also called 
data signal lines) (S1 to Sx) to which a digital data signal 

so is inputted. The digital data signal refers to a digital video 
signal. 

[0014] The pixel portion also has power supply lines 
(V1 to Vx) parallel to the source signal lines (S1 to Sx). 
The electric potential of the power supply lines (V1 to 
55 Vx) is called a power supply electric potential. Wirings 
(Vb1 to Vby) are provided in parallel with the gate signal 
lines (G1 to Gy). The wirings (Vb1 to Vby) are connected 
to the external switch 116. 
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[0015] A plurality of pixels 104 are arranged in matrix 
in the pixel portion 101. One of the pixels 1 04 is enlarged 
and shown in Fig. 6. tn Fig. 6, reference symbol 1701 
denotes a TFT functioning as a switching element (here- 
inafter referred to as switching TFT). 1702 denotes a 
TFT functioning as an element for controlling a current 
supplied to an EL element 1703 (current controlling el- 
ement) (The TFT will be called a driving TFT). Desig- 
nated by 1 704 is a capacitor storage. 
[0016] The switching TFT 1701 has a gate electrode 
connected to a gate signal line 1705 that is one of the 
gate signal lines (G1 to Gy) to which a gate signal is 
inputted. The switching TFT 1701 has a source region 
and a drain region one of which is connected to a source 
signal line 1 706 and the other of which is connected to 
a gate electrode of the driving TFT 1 702 and to the ca- 
pacitor storage 1 704. The source signal line 1 706 is one 
of the source signal lines (S1 to Sx) to which a digital 
data signal is inputted. 

[001 7] The driving TFT 1 702 has a source region and 
a drain region one of which is connected to a power sup- 
ply line 1 707 and the other of which is connected to the 
EL element 1 703. The power supply line 1707 is one of 
the power supply lines (V1 to Vx). The capacitor storage 
1 704 is connected to the power supply line 1 70*7 that is 
one of the power supply lines (V1 to Vx). 
[0018] The EL element 1703 is composed of an an- 
ode, a cathode, and an EL layer interposed between the 
anode and the cathode. When the anode is connected 
to the source region or the drain region of the driving 
TFT 1 702, the anode serves as a pixel electrode where- 
as the cathode serves as an opposite electrode. On the 
other hand, when the cathode is connected to the 
source region or the drain region of the driving TFT 
1 702, the cathode serves as the pixel electrode whereas 
the anode serves as the opposite electrode. The electric 
potential of the opposite electrode is herein called an 
opposite electric potential. The difference in electric po- 
tential between the opposite electrode and the pixel 
electrode generates the EL driving voltage, which is ap- 
plied to the EL layer. 

[001 9] The opposite electrode of the EL element 1 703 
is connected to the external switch 116 through one of 
the wirings (Vb1 to Vby). (See Fig. 5.) 
[0020] Next, driving the multi-gray scale EL display 
device in accordance with the time division gray scale 
method will be described. The. description given here 
takes as an example the case where n bit digital video 
signals are inputted to obtain display in 2 n gray scales. 
[0021] Fig. 7 shows a timing chart thereof. 
[0022] First, one frame period is divided into n sub- 
frame periods (SF 1 to SF n ). 

[0023] A period during which one image is displayed 
using all of the pixels in the pixel portion is defined as 
one frame period (F). Here, one frame period is set to 
about 1/60 second. With the period set to this long, hu- 
man eyes do not recognize flicker in animated images 
displayed. 



[0024] As the number of gray scales is increased, the 
number of sub-frame periods in one frame period also 
increases and the driving circuits (the source signal line 
driving circuit and the gate signal line driving circuit), the 
5 source signal line driving circuit in particular, has to be 
driven at a higher frequency. 

[0025] Each sub-frame period is divided into a wiring 
period (Ta) and a display period (Ts). The writing period 
is a period for inputting signals into all of the pixels in 

10 one sub-frame period. The display period (also called a 
lights-on period) is a period for choosing whether or not 
the EL element emits light so that an image is displayed. 
[0026] The EL driving voltage shown in Fig. 7 corre- 
sponds to the EL driving voltage of the EL element when 

15 the EL element is caused to emit light. To elaborate, the 
EL driving voltage of the EL element in the pixel which 
is designated to emit light is in the level that does not 
cause the EL element to emit light, e.g., 0 V, during the 
writing period. During the display period, on the other 

20 hand, the EL driving voltage thereof is in the level that 
allows the EL element to emit light. 
[0027] The opposite electric potential is controlled by 
the external switch 116 shown in Figs. 4 and 5. During 
the writing period, the opposite electric potential is. kept 

25 at the same level as the power supply electric potential. 
On the other hand, the opposite electric potential is 
changed in the display period so as to generate an elec- 
tric potential difference between the opposite electric 
potential and the power supply electric potential which 

30 causes the EL element to emit light. 

[0028] Detailed descriptions will be given first on the 
writing period and the display period of the respective 
sub-frame periods using the reference symbols in Figs. 
5 and 6. Then time division gray scale display will be 

35 described. 

[0029] First, a gate signal is inputted to the gate signal 
line G1 to turn every switching TFT 1701 connected to 
the gate signal line G1 ON. 

[0030] In this specification, a TFT being turned ON 

40 means that the gate voltage of the TFT is changed to 
make the source-drain thereof conductive. 
[0031] Then the writing period is started and digital 
data signals are inputted to the source signal lines (S1 
to Sx). At this point, the opposite electric potential is kept 

45 at the same level as the power supply electric potential 
of the power supply lines (V1 to Vx). The digital data 
signals contain information of '0' or 'V. The digital data 
signals of '0* and *1' are signals having Hi voltage and 
Lo voltage, respectively. 

so [0032] The digital data signals inputted to the source 
signal lines (St to Sx) are inputted to the gate electrode 
of each driving TFT 1702 through each switching TFT 
1701 that has been turned ON. The capacitor storage 
1704 also receives input of a digital data signal to hold 

55 it in. 

[0033] Selecting signals are successively inputted to 
the gate signal lines G2 to Gy to repeat the above op- 
eration until all of the pixels receive input of the digital 
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data signals and the inputted digital data signals are 
held in the respective pixels. A period it takes for the 
digital data signals to be inputted to all of the pixels in 
each sub-frame period is the writing period. 
[0034] After inputting the digital data signals to all of 5 
the pixels, every switching TFT 1701 is turned OFF. 
[0035] A TFT being turned OFF means that the gate 
voltage of the TFT is changed to make the source-drain, 
thereof unconductive. 

[0036] Thereafter, the external switch 116 connected 10 
to the opposite electrode is used to change the electric 
potential difference between the opposite electric poten- 
tial and the power supply electric potential to a degree 
that causes the EL element to emit light. 
[0037] When a digital data signal has information of '5 
'0', the driving TFT 1702 is turned OFF and the EL ele- 
ment 1 703 does not emit light. When a digital data signal 
has information of ' V on the other hand, the driving TFT 
1702 is turned ON. Then the pixel electrode of the EL 
element 1 703 is kept at the power supply electric poten- 20 
tial and the EL element 1703 emits light. In this way, in- 
formation contained in a digital data signal determines 
whether the EL element emits light or not. Every pixel 
whose EL element is designated to emit light is simul- 
taneously lit up, and the lit-up pixels together form an 25 
image. A period during which the display by the pixels 
lasts is the display period. 

[0038] The writing periods {Ta, to Ta n ) in the n sub- 
frame periods (SF^ to SF n ) have the same length. The 
sub-frame periods SF 1 to SF n have display periods Ts^ 30 
to Ts nf respectively. 

[0039] For instance, the length of the display periods 
may be set so as to satisfy the relation Ts-, : Ts 2 : 
Ts 3 : ... :Ts (r>1) : Ts n = 2° :2~ 1 : 2* 2 : ... :2-< n - 2 > : 2-< n ' 1 >. 
Display of desired gray scales within the range of 2 n gray 35 
scales can be obtained through combinations of the dis- 
play periods. 

[0040] Here : given pixels are lit up for the period Ts n . 
[0041] Then, a writing period is started agairfso that 
all the pixels receive digital data signals to staifthe dis- 40 
play period. Subsequently, one of the display periods 
Ts 1 to Ts (rv1) is started. Here, given pixels are lit up for 
the period Ts^^j. 

[0042] The same operation is repeated for the remain- 
ing (n - 2) sub-frame periods, so that the display periods *s 
Ts (n-2)» Ts (n-3)> •■* and Ts i are sequentially set and given 
pixels are lit up during each of the sub-frame periods. 
[0043] One frame period is completed when n sub- 
frame periods have come and gone. The cumulative 
length of tne display periods during which a pixel is lit 50 
up determines the gray scale of the pixel. 
[0044] For example, the luminance is 1 00% when n = 
8 and the pixel in question emits Ifght in all display pe- 
riods. When the pixel emits light only in the display pe- 
riods Ts, and Ts 2 , the luminance is 75%. If the pixel is 55 
designated to emit light during the display periods Ts 3 , 
Ts 5 and Ts 8 , the luminance may be 16%. 



SUMMARY OF THE INVENTION 

[0045] An object of the present invention is to improve 
the image quality of an EL display device, in particular, 
an EL display device using a bottom gate TFT. The ob- 
ject will be detailed below. 

[0046] When the time division gray scale method de- 
scribed above is employed, the amount of current flow- 
ing into an EL element in a pixel is desirably kept con- 
stant throughout the display period of each sub-frame 
period. In actuality, however, the amount of current var- 
ies depending on the temperature. 
[0047] Fig. 18 is a graph showing the temperature 
characteristic of the EL element. The axis of abscissa 
shows the applied voltage that is applied between two 
electrodes of the EL element. The axis of ordinate 
shows the amount of current flowing into the EL ele- 
ment. 

[0048] One can tell from this graph how much current 
flows into the EL element when a voltage is applied be- 
tween the electrodes of the EL element at a certain tem- 
perature. Temperature T A is higher than temperature T 2 , 
which is higher than temperature T 3 . 
[0049] The graph shows that the same level of voltage 
applied between the electrodes of the EL element in the 
pixel portion does not always cause the same amount 
of current to flow through the EL element; the amount 
of current flowing into the EL element may increase as 
the temperature of the EL layer rises, depending on the 
temperature characteristic of the EL element. 
[0050] Thus the amount of current flowing through the 
EL element in the pixel portion varies depending on the 
temperature at which the EL display device is used 
(hereinafter referred to as surrounding temperature), 
whereby the luminance of the EL element in the pixel 
portion is changed. Therefore the accuracy in gray scale 
display cannot be maintained, contributing to impaired 
reliability of EL display devices. 

[0051] Furthermore, current consumption is in- 
creased when the amount of current flowing through the 
EL element is increased. 

[0052] Another object of the present invention is to 
control those change in luminance and increase in pow- 
er consumption of the EL element due to a change in 
surrounding temperature. 

[0053] Moreover, bottom gate TFTs have the following 
two problems. 

[0054] Problem one is as follows. 
[0055] In bottom gate TFTs, side walls of a gate elec- 
trode has to be gentle because, according to the man- 
ufacturing process, an insulating film and a semiconduc- 
tor thin film are to be formed thereon. Therefore, the 
width of the gate electrode (gate length) in bottom gate 
TFTs cannot be as smalt as the width of a gate electrode 
(gate length) in top gate TFTs, where side walls of the 
gate electrode are not required to be so gentle. 
[0056] Problem Two is as follows. 
[0057] In bottom gate TFTs. a gate electrode is formed 
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under a semiconductor thin film that is to be used as a 
source region and a drain region and hence the semi- 
conductor thin film is convexed. If a polycrystalline film 
such as a polysilicon film is used as the convex semi- 
conductor thin film, the crystallinity of the film is inferior 5 
to that of a polycrystalline film formed on a flat surface, 
and characteristics such as an electric field effect mo- 
bility (mobility) are also poor. 

[0058] Because of these problems, the frequency 
characteristic of a driver circuit composed of a bottom 10 
gate TFT is inferior to the frequency characteristic of a 
driver circuit composed of a top gate TFT 
[0059] In a display device that has a large display 
screen as well as a large number of pixels satisfying the 
VGA standard or higher, there are needed many source 15 
signal lines and high-speed operation. High-speed op- 
eration is also necessary in the case that the time divi- 
sion gray scale method described above is employed 
and a plurality of sub-frame periods are provided. Ac- 
cordingly, the operation speed is insufficient especially 20 
in a source signal line driving circuit that uses a bottom 
gate TFT. 

[0060] To sum up the objects of the present invention, 
the invention aims at providing a display device which 
is capable of controlling the change in luminance and 25 
increase in current consumption of an EL element due 
to a change in surrounding temperature, and which can 
obtain a larger screen, higher definition and more gray 
scales despite the inferior frequency characteristic of a 
source signal line driving circuit that is composed of a 30 
bottom gate TFT. 

[0061] In order to attain the above objects, an EL el- 
ement for monitoring the temperature (hereinafter re- 
ferred to as monitoring EL element) is provided in an EL 
display device. One electrode of the temperature mon- 35 
itoring EL element is connected to a constant current 
generator. The temperature characteristic of the moni- 
toring EL element is utilized to keep the amount of cur- 
rent flowing into ah EL element of a pixel constant. Fur- 
thermore, a video signal is subjected to time base ex- 40 
pansion so as to give margin to sampling of the video 
signal in a source signal line driving circuit. 
[0062] Hereinafter, structures of the present invention 
are described. 

[0063] According to the present invention, there is 45 
provided a display device comprising a plurality of EL 
elemenLs of a plurality of pixels and a monitoring EL el- 
ement, characterized in that the temperature character- 
istic of the monitoring EL element is used to reduce a 
change in amount of current flowing through the plural so 
EL elements due to temperature change. 
[0064] According to the present invention, there is 
provided. a display device comprising: 

a pixel portion having a plurality of pixels; 55 

a power supply line; 

a buffer amplifier; 

a monitoring EL element; and 



a constant current generator, characterized in that: 

the plural pixels each have a thin film transistor 
and an EL element; 

the monitoring EL element and the EL element 
each have a first electrode, a second electrode, 
and an EL layer interposed between the first 
electrode and the second electrode; 
the first electrode of the monitoring EL element 
is connected to the constant current generator; 
the first electrode of the monitoring EL element 
is connected to a non-inversion input terminal 
of the buffer amplifier; 

an output terminal of the buffer amplifier is con- 
nected to the power supply line; and 
the electric potential of the power supply line is 
given to the first electrode of the EL element 
through the thin film transistor. 

[0065] According to the present invention, there is 
provided a display device comprising: 

a pixel portion having a plurality of pixels; 

a power supply line; 

a buffer amplifier; 

a monitoring EL element; 

a constant current generator; and 

an adder circuit, characterized in that: 

the plural pixels each have a thin film transistor 
and an EL element; 

the monitoring EL element and the EL element 
each have a first electrode, a second electrode, 
and an EL layer interposed between the first 
electrode and the second electrode; 
the first electrode of the monitoring EL element 
is connected to the constant current generator;, 
the first electrode of the monitoring EL element 
is connected to a non-inversion input terminal 
of the buffer amplifier; 

an output terminal of the buffer amplifier is con- 
nected to an input terminal of the adder circuit; 
an output terminal of the adder circuit is con- 
nected to the power supply line; 
the difference in electric potential between the 
input terminal of the adder circuit and the output 
terminal thereof is kept constant; and 
the electric potential of the power supply line is 
given to the first electrode of the EL element 
through the thin film transistor. 

[0066] According to the present invention, there is 
provided a display device comprising: 

a plurality of source signal lines; 
a plurality of gate signal lines; 
a plurality of power supply lines; 
a plurality of pixels; 
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a source signal line driving circuit for inputting a sig- 
nal into the plural source signal lines; 
a gate signal line driving circuit for inputting a signal 
to the plural gate signal lines; 

a monitoring EL element; and s 
an insulating substrate on which the above compo- 
nents are formed, characterized in that: 

the plural pixels each have an EL element, a . 
switching TFT, a driving TFT and a capacitor :: 10 
storage; 

the monitoring EL element and the EL element 
each have a first electrode, a second electrode, 
and an EL layer interposed between the first 
electrode and the second electrode; J 5 
the switching TFT has a gate electrode con- 
nected to one of the plural gate signal lines, and 
has a source region and a drain region one of 
which is connected to one of the plural source 
signal lines and the other of which is connected 20 
to a gate electrode of the driving TFT; 
the driving TFT has a source region and a drain 
region one of which is connected to one of the 
plural power supply lines and the other of which 
is connected to the first electrode or the-second 25 
electrode of the EL element; 
one electrode of the capacitor storage is con- 
nected to one of the plural power supply lines 
and the other electrode is connected to the gate 
electrode of the driving TFT; and 
ttie monitoring EL element is used to reduce a 
change in amount of current flowing from one 
of the plural power supply lines into the EL el- 
ement due to a temperature change. 

[0067] According to the present invention, there is 
provided a display device comprising: 

a plurality of source signal lines; 1 
a plurality of gate signal lines; 
a plurality of power supply lines; 
a plurality of pixels; 

a source signal line driving circuit for inputting a sig- 
nal into the plural source signal lines; 
a gate signal line driving circuit for inputting a signal 45 
to the plural gate signal lines;, 
a monitoring EL element; - * 
a buffer amplifier; 
a constant current generator: and 
an insulating substrate on which the above compo- so 
nents are formed, characterized in that: 

the plural pixels each have an EL element, a 
switching TFT, a driving TFT and a capacitor 
storage; 55 
the monitoring EL element and the EL element 
each have a first electrode, a second electrode, 
and an EL layer interposed between the first 
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electrode and the second electrode; 
the switching TFT has a gate electrode con- 
nected to one of the plural gate signal lines; 
the switching TFT has a source region and a 
drain region one of which is connected to one 
of the plural source signal lines and the other 
of which is connected to a gate electrode of the 
driving TFT; 

the driving TFT has a source region and a drain 
region one of which is connected to one of the 
plural power supply lines and the other of which 
is connected to the first electrode of the EL el- 
ement; 

one electrode of the capacitor storage is con- 
nected to one of the plural power supply lines 
and the other electrode is connected to the gate 
electrode of the driving TFT; 
the first electrode of the monitoring EL element 
is connected to the constant current generator; 
the first electrode of the monitoring EL element 
is connected to a non-inversion input terminal 
of the buffer amplifier; 

an output terminal of the buffer amplifier is con- 
nected to the power supply lines; and 
the electric potential of each of the power sup- 
ply lines is given to the first electrode of the EL 
element through the driving TFT. 

[0068] According to the present invention, there is 
provided a display device comprising: 

a plurality of source signal lines; 
a plurality of gate signal lines; 
a plurality of power supply lines; 
a plurality of pixels; 

a source signal line driving circuit for inputting a sig- 
' nal into the plural source signal lines; 
a gate signal line driving circuit for inputting a signal 
to the plural gate signal lines; 
a monitoring EL element; 
a buffer amplifier; 
a constant current generator: 

an adder circuit; and 

an insulating substrate on which the above 
components are formed, characterized in that: 

* the plural pixels each have an EL element, 
a switching TFT, a driving TFT and a ca- 
pacitor storage; 

the monitoring EL element and the EL ele- 
ment each have a first electrode, a second 
electrode, and an EL layer interposed be- 
tween the first electrode and the second 
electrode; 

the switching TFT has a gate electrode 
connected to one of the plural gate signal 
lines; 
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the switching TFT has a source region and 
a drain region one of which is connected to 
one of the plural source signal lines and the 
other of which is connected to a gate elec- 
trode of the driving TFT; 
the driving TFT has a source region and a 
drain region one of which is connected to 
one of the plural power supply lines and the ■. 
other of which is connected to the first elec- 
trode of the EL element; 
one electrode of the capacitor storage is 
connected to one of the plural power sup- 
ply lines and the other electrode is connect- 
ed to the gate electrode of the driving TFT; 
the first electrode of the monitoring EL el- 
ement is connected to the constant current 
generator; 

the first electrode of the monitoring EL el- 
ement is connected to a non-inversion in- 
put terminal of the buffer amplifier; 
an output terminal of the buffer amplifier is 
connected to an input terminal of the adder 
circuit; 

an output terminal of the adder, circuit is 
connected to the power supply lines'; 
the difference in electric potential between 
the input terminal of the adder circuit and 
the output terminal thereof is kept constant; 
and 

the electric potential of each of thejDOwer 
supply lines is given to the first electrode of 
the EL element through the driving TFT. 

[0069] There may be provided a display device; char- 
acterized in that the first electrode is an anode and the 
second electrode is a cathode in both of the monitoring 
EL element and the EL element. 
[0070] There may be provided a display device, char- 
acterized in that the first electrode is a cathode'and the 
second electrode is an anode in both of the monitoring 
EL element and the EL element. 

[0071 ] There may be provided a display device, char- 
acterized in that at least one of the buffer amplifier and 
the constant current generator is composed of a thin film 
transistor formed on the same substrate on which the 
thin film transistor of each pixel is. formed. 
[0072] There may be provided a display device, char- 
acterized in that at least one of the buffer amplifier, the 
constant current generator and the adder circuit is com- 
posed of a'thin film transistor formed on the same sub- 
strate on which the thin film transistor of each pixel is 
formed. 

[0073] There may be provided a" display device, char- 
acterized in that at least one of the buffer amplifier and 
the constant current generator is composed of a TFT 
formed on the same substrate on which the switching 
TFT and the driving TFT are formed. 
[0074] There may be provided a display device, char- 



acterized in that at least one of the buffer amplifier, the 
constant current generator and the adder circuit is com- 
posed of a TFT formed on the same substrate on which 
the switching TFT and the driving TFT are formed. 
5 [0075] According to the present invention, there is 
provided a display device comprising: 

a plurality of EL elements of a plurality of pixels; 
a plurality of pixel TFTs constituting the plural pixels; 
a source signal line driving circuit and a gate signal 
line driving circuit which drive the pixel TFTs; and 
an insulating substrate on which the above compo- 
nents are formed, 

characterized in that the source signal line driving 
circuit has means for successively sampling digital vid- 
eo signals, the sampling being performed simultaneous- 
ly on a plurality of signals. 

[0076] According to the present invention, there is 
provided a display device comprising: 

a plurality of EL elements of a plurality of pixels; 
a plurality of pixel TFTs constituting the plural pixels; 
a source signal line driving circuit and a gate signal 
line driving circuit which drive the pixel TFTs; and 
an insulating substrate on which the above compo- 
nents are formed, 

characterized in that the source signal line driving 
circuit has means for successively sampling digital sig- 
nals that have been subjected to k-fold time expansion 
(k is a natural number), the sampling being performed 
simultaneously on k video signals. 
[0077] According to the present invention, there is 
provided a display device comprising: 

' a plurality of EL elements of a plurality of pixels; 
a plurality of pixel TFTs constituting the plural pixels; 
a source signal line driving circuit and a gate signal 
line driving circuit which drive the.pixel ITTs; and 
an insulating substrate on which the above compo- 
nents are formed, 

characterized in that the source signal line driving 
circuit has means for successively sampling analog vid- 
eo signals, the sampling being performed simultaneous- 
ly on a plurality of signals. 

[0078] According to the present invention, there is 
provided a display device comprising: 

a plurality of EL elements of a plurality of pixels; 
a plurality of pixel TFTs constituting the plural pixels; 
a source signal line driving circuit and a gate signal 
line driving circuit which drive the pixel TFTs; and 
an insulating substrate on which the above compo- 
nents are formed, 

characterized in that the source signal line driving 
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circuit has means for successively sampling analog sig- 
nals that have been subjected to k-fold time expansion 
(k is a natural number), the sampling being performed 
simultaneously on k video signals. 

[0079] There may be provided a display device, char- s 
acterized in that the TFT constituting the source signal 
line driving circuit is a bottom gate TFT. 
[0080] There may be provided a display device, char- ? 
acterized in that the EL element uses an EL layer emit- \. 
ting monochrome light and color conversion layers in 1 io 
combination to provide color display. 
[0081 ] There may be provided a display device, char- 
acterized in that the EL element uses an EL layer emit- 
ting white light and color filters in combination to provide 
color display. 15 
[0082] There may be provided a display device, char- 
acterized in that the EL layer of the EL element is formed 
from a low molecular weight organic material or a poly- 
mer organic material. 

[0083] There may be provided a display device, char- 20 
acterized in that the low molecular weight organic ma- 
terial contains Alq 3 (tris-8-quinolilite-aluminum) orTPD 
(triphenylamine derivative). 

[0084] There may be provided a display device, char- 
acterized in that the polymer organic material contains 25 
PPV (polyphenylene vinylene), PVK (polyvinyl carba- 
zole) or polycarbonate. 

[0085] There may be provided a display device, char- 
acterized in that the EL layer of the EL element is formed 
from an inorganic material. ( 30 

[0086] There may be provided a computer, a televi- 
sion set, a telephone, a monitor device and a navigation 
system for automobiles, each of which employs the dis- 
play device. 

35 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0087] In the accompanying drawings: 

Fig. 1 is a diagram showing the structure of a tern- *o 
perature compensation circuit of an EL display de- 
vice according to the present invention; 
Fig. 2 is a diagram showing the structure of another 
temperature compensation circuit of the EL display 
device according to the present invention; 
Fig. 3 is a diagram showing the,structure of an adder 
circuit of an EL display device according to the 
present invention; 

Fig. 4 is a block diagram showing the structure of 

an EL display device in prior art; so 

Fig. 5 is a diagram showing the structure of a pixel 

portion of an EL display device in prior art; 

Fig. 6 is a diagram showing the structure of a pixel 

of an EL display device in prior art; 

Fig. 7 is a timing chart according to a method of driv- 55 

ing an EL display device in prior art; 

Fig. 8 is a circuit diagram of a buffer amplifier of an 

EL display device according to the present inven- 



tion; 

Figs. 9A and 9B are a top view of an EL display de- 
vice according to the present invention and a sec- 
tional view thereof, respectively; 
Figs. 1 0A and 1 0B are a top view of an EL display 
device according to the present invention and a sec- 
tional view thereof, respectively; 
Fig. 11 is a sectional view of an EL display device 
according to the present invention; 
Fig. 12 is a sectional view of an EL display device 
according to the present invention; 
Figs. 13A and 13B are a top view of an EL display 
device according to the present invention and a sec- 
tional view thereof, respectively; 
Fig. 14 is a sectional view of an EL display device 
according to the present invention; 
Fig. 1 5 is a circuit diagram showing a source signal 
line driving circuit of an EL display device according 
to the present invention; 

Fig. 16 is a top view of a latch of an EL display de- 
vice according to the present invention; 
Fig. 1 7 is a block diagram showing a source signal 
line driving circuit of an EL display device according 
to the present invention; 

Fig. 1 8 is a graph showing the temperature charac- 
teristic of an EL element; 

Figs. 1 9A to 19E are diagrams showing a process 
of manufacturing an EL display device according to 
the present invention; 

Fig. 20 is a diagram showing the process of manu- 
facturing the EL display device according to the 
present invention; 

Fig. 21 is a circuit diagram showing a source signal 
line driving circuit of an EL display device according 
to the present invention; 

Fig. 22 is a circuit diagram showing a time base ex- 
pansion signal circuit of an EL display device ac-. 
cording to the present invention; 
Fig, 23 is a diagram showing the structure of a con- 
stant current generator in a temperature compen- 
sation circuit of an EL display device according to 
the present invention; 

Fig. 24 is a graph showing changes in luminance of 
an EL display device of the present invention which 
is caused by changes in temperature; and 
Figs. 25A to 25E are diagrams showing electronic 
equipment to which an EL display device of the 
present invention is applied. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiment Mode 1 

[0088] The structure of the present invention will be 
described with reference to Fig. 1 . 
[0089] Reference symbol 501 denotes a power sup- 
ply line. The power supply line herein corresponds to a 
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wiring for providing one electrode of an EL element (not 
shown) in a pixel portion with a given electric potential 
in response to a digital data signal inputted to a source 
signal line. In this specification, the electric potential of 
the power supply line is called a power supply electric 
potential. 

[0090] Reference symbol 502 denotes a buffer ampli- 
fier, 503, a monitoring EL element, and 504, a constant 
current generator. One electrode of the monitoring EL 
element 503 is connected to the constant current gen- 
erator 504, so that a constant amount of current flows 
through the monitoring EL element 503. When the tem- 
perature of an EL layer of the EL element changes, the 
amount of current flowing into the monitoring EL ele- 
ment 503 does not change but instead the electric po- 
tential of the electrode of the monitoring EL element 503 
which is connected to the constant current generator 
504 changes. 

[0091] The monitoring EL element 503 and an EL el- 
ement in each pixel are manufactured such that the re- 
lation of the amount of current flowing into the element 
to the level of voltage applied between two electrodes 
of the element is the same for both the monitoring EL 
element 503 and the pixel EL element at the same tem- 
perature. 

[0092] Here, an electrode of the pixel EL element (pix- 
el electrode) which is connected to the power supply line 
501 is an anode if an electrode of the monitoring EL el- 
ement 503 which is connected to the buffer amplifier 502 
is an anode. On the other hand, if the electrode of the 
monitoring EL element 503 which is connected to the 
buffer amplifier 502 is a cathode, the electrode of the 
pixel EL element (pixel electrode) which is connected to 
the power supply line 501 is a cathode. 
[0093] An electrode of the monitoring EL element 503 
which is not connected to the buffer amplifier 502 and 
an opposite electrode of the pixel portion EL element 
are given here almost the same electric potential. 
[0094] The buffer amplifier 502 has two input termi- 
nals and one output terminal. One of the input terminals 
is a non-inversion input terminal (+) and the other is an 
inversion input terminal (-). The electric potential of one 
electrode of the monitoring EL element 503 is given to 
the non-inversion input terminal of the buffer amplifier 
502. The output terminal of the buffer amplifier is con- 
nected to the power supply line 501 . The non-inversion 
input terminal of the buffer amplifier is connected to the 
output terminal of the buffer amplifier. 
[0095] The buffer amplifier is a circuit for preventing 
load such as wiring capacitance of the power supply line 
501 from changing the electric potential of the electrode 
of the monitoring EL element 503 which is connected to 
the constant current generator 504. Accordingly, the 
electric potential given to the non-inversion input termi- 
nal of the buffer amplifier 502 is outputted from the out- 
put terminal without being changed by load such as wir- 
ing capacitance of the power supply line 501 to be given 
as the power supply electric potential to the power sup- 



ply line 501 . 

[0096] Therefore the power supply electric potential 
changes such that the amount of current flowing into the 
EL element is kept constant even when the surrounding 

5 temperature changes to change the temperature of the 
EL layers of the monitoring EL element 503 and of the 
pixel portion EL element. This prevents the change in 
luminance and increase in current consumption due to 
a change in surrounding temperature. 

w [0097] According to this embodiment mode, the buffer 
amplifier 502 may be formed on the same substrate as 
the pixel portion or on an IC chip. The same applies to 
the monitoring EL element 503 and the constant current 
generator 504. 

75 [0098] The monitoring EL element 503 may be includ- 
ed in the pixel portion or may be provided separately 
from the pixel portion. 

Embodiment Mode 2 

20 

[0099] In the case where high-speed operation is re- 
quired, as a measure to make up the insufficient fre- 
quency characteristic of a bottom gate TFT, a source 
signal line driving circuit composed of the bottom gate 

25 TFT is divided into several blocks. Each of the blocks 
simultaneously processes signals associated with some 
source signal lines, thereby increasing the processing 
speed of the source signal line driving circuit. v/ 
[0100] A description given first is of a case in which 

30 the source signal line driving circuit is driven with the 
circuit divided into several blocks while employing the 
time division gray scale method described in the exam- 
ple of prior art. Fig. 17 is a schematic diagram of the 
source signal line driving circuit. 

35 [01 01 ] The source signal line driving circuit is divided 
into blocks associated with outputs to k source signal 
lines. Specifically, a latch (A) and a latch (B) each con- 
sist of m blocks (the latch (A) has a latch (A), 1 to a latch 
(A), m, and the latch (B) has a latch (B), 1 to a latch (B), 

40 m). Each block consists of k latch circuits. 

[0102] A digital data signal VD inputted from the ex- 
ternal is divided into k parts. 

[0103] The digital data signal VD divided into k parts 
is obtained by using an external time division signal gen- 

45 erating circuit to convert a digital video signal into a sig- 
nal for the time division gray scale display described 
above, subjecting to time base expansion a signal of a 
writing period in each sub-frame period of the converted 
signal, and converting the expanded signal into a paral- 

so iel signal for the respective signals associated with the 
k source signal lines, 

[0104] A circuit for conducting the time baso expan- 
sion is provided separately from and outside of the dis- 
play device. 

55 [0105] In response to a signal from a shift register, the 
block latch (A), 1 simultaneously samples the k parts of 
the digital data signal VD which are associated with the 
outputs to the k source signal lines. Similarly, the rest of 
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the blocks of the latch (A) (the latch (A), 2 to the latch 
(A), m) are selected in order until the k parts of the digital 
data signal VD which are associated with the outputs to 
all source signal lines S_1 to S_mk are held in the latch 
(A). Thereafter, a latch pulse is inputted to the latch (B). 
Upon input of the latch pulse, the signals held in the 
blocks of the latch (A) are inputted to the latch (B) all at 
once, and outputted to the source signal lines S_1 to; 
S_mk. 

[0106] As described above, it takes about 1/k time for 
the shift register of the source signal line driving circuit 
to process if the source signal line driving circuit is di- 
vided, as compared with the case where the source sig- 
nal line driving circuit is not divided. 
[0107] It is effective also in other driving methods than 
the time division gray scale method to convert a digital 
video signal to be inputted to the source signal line driv- 
ing circuit into a parallel signal for the respective signals 
associaled with the k source signal lines and to simul- 
taneously process the signals associated with the k 
source signal lines so that the source signal line driving 
circuit can operate with a margin. 

[0108] It is thus possible to provide a display device 
which has a source signal line driving circuit composed 
of a bottom gate TFT and is yet capable of obtaining a 
larger screen, higher definition and more gray scales. 
[01 09] Embodiment Modes 1 and 2 can be carried out 
in combination without restriction. 

[0110] Embodiments of the present invention will be 
described below. 

Embodiment 1 

[0111] This embodiment gives a description about a 
case of using a temperature compensation circuit hav- 
ing a structure different from the structure shown in Fig. 
1 in accordance with Embodiment Mode 1. 
[0112] Fig. 2 shows the structure of a temperature 
compensation circuit according to this embodiment. 
[0113] Reference symbol 501 denotes a power sup- 
ply line, 502, a buffer amplifier, 503, a monitoring EL el- 
ement, 504, a constant current generator, and 505, an 
adder circuit. One electrode of the monitoring EL ele- 
ment 503 is connected to the constant current generator 
504, so that a constant amount of current flows through 
the monitoring EL element 503. When the temperature 
of an EL layer of the EL element 'changes, the amount 
of current flowing into the monitorfng EL element 503 
does not change but instead the electric potential of the 
electrode o"f the monitoring EL element 503 which is 
connected to the constant current generator 504 chang- 
es. 

[0114] The monitoring EL element 503 and an EL el- 
ement (not shown) in each pixel are manufactured such 
that the relation of the amount of current flowing into the 
element to the level of voltage applied between two elec- 
trodes of the element is the same for both the monitoring 
EL element 503 and the pixel EL element at the same 



temperature. 

[0115] Here, an electrode of the pixel EL element (pix- 
el electrode) which is connected to the power supply line 
501 is an anode if an electrode of the monitoring EL el- 
5 ement 503 which is connected to the buffer amplifier 502 
is an anode. On the other hand, if the electrode of the 
monitoring EL element 503 which is connected to the 
buffer amplifier 502 is a cathode, the electrode of the 
pixel EL element (pixel electrode) which is connected to 
"\ 10 the power supply line 501 is a cathode. 

[0116] An electrode of the monitoring EL element 503 
which is not connected to the buffer amplifier 502 and 
an opposite electrode of the pixel portion EL element 
are given here almost the same electric potential. 
'5 [0117] The buffer amplifier 502 has two input termi- 
nals and one output terminal. One of the input terminals 
is a non-inversion input terminal (+) and the other is an 
inversion input terminal (-). The electric potential of one 
electrode of the monitoring EL element 503 is given to 
20 the non-inversion input terminal of the buffer amplifier 
502. 

[0118] The buffer amplifier is a circuit for preventing 
load such as wiring capacitance of the power supply line 
501 from changing the electric potential of the electrode 

25 of the monitoring EL element 503 which is connected to 
the constant current generator 504. Accordingly, the 
electric potential given to the non-inversion input termi- 
nal of the buffer amplifier 502 is outputted from the out- 
put terminal without being changed by load such as wir- 

30 ing capacitance of the power supply line 501 and the 
adder circuit 505 to be given to the adder circuit 505. 
[01 19] A certain level of electric potential is added to 
or subtracted from the electric potential of the output ter- 
minal of the buffer amplifier 502 which has been given 

35 to the adder circuit 505. Alternatively, the electric poten- 
tial given to the adder circuit is multiplied several folds. 
Thereafter, the electric potential of the adder circuit is 
given to the power supply line 501 as the power supply 
electric potential. 

40 [0120] Fig. 3 shows a detailed circuit diagram of the 
adder circuit according to this embodiment. The adder 
circuit 505 has a first resister 521 , a second resister 522, 
an adder circuit power supply 525 and a non-inversion 
amplifier circuit 520. The non-inversion amplifier circuit 

^5 520 is composed of a third resister 523, a fourth resister 
524, a non-inversion amplifier circuit power supply 526 
and an amplifier 527. 

[0121] One terminal of the first resister 521 is an input 
terminal (IN) of the adder circuit. The other terminal of 

50 the first resister 521 is connected to one terminal of the 
second resister 522. The other terminal of the second 
resister 522 is connected to the adder circuit power sup- 
ply 525. The output from between the first resister 521 
and the second resister 522 is inputted to a non-inver- 

55 ston input terminal (+) of the amplifier 527 in the non- 
inversion amplifier circuit 520. 

[0122] One terminal of the third resister 523 is con- 
nected to an output terminal of the amplifier 527 where- 
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as the other terminal of the third resister 523 is connect- 
ed to an inversion input terminal of the amplifier 527. 
The output from between the third resister 523 and the 
inversion input terminal of the amplifier 527 is inputted 
to one terminal of the fourth resister 524. The other ter- 5 
minal of the fourth resister 524 is connected to the non- 
inversion amplifier circuit power supply 526. The output 
from between the third resister 523 and the output ter-, 
minal of the amplifier 527 is outputted from an output 
terminal (OUT) of the adder circuit 505. io 
[0123] With the above structure, the power supply 
electric potential changes such that the amount of cur- 
rent flowing into the pixel portion EL element is kept con- 
stant even when the surrounding temperature changes 
to change the temperature of the EL layers of the mon- is 
itoring EL element 503 and of the pixel portion EL ele- 
ment. Therefore the luminance of the pixel portion EL 
element can be kept constant irrespective of a change 
in surrounding temperature of the EL display device. 
[0124] The presence of the adder circuit 505 elimi- 20 
nates the need to set the electric potential of the power 
supply line 501 (power supply electric potential) to the 
same level as the electric potential of the electrode of 
the monitoring EL element 503 which is connected to 
the constant current generator 504. . 25 

[01 25] The amount of current flowing through the buff- 
er amplifier 502, the monitoring element 503 and the 
constant current generator 504 can thus be limited. As 
a result, power consumption of the device can be sup- 
pressed. ^ 30 
[01 26] The structure of the adder circuit 505 is not lim- 
ited to the one shown in Fig. 3. 

[0127] According to this embodiment, the buffer am- 
plifier 502 may be formed on the same substrate as the 
pixel portion or on an IC chip. The same applies to the 35 
monitoring EL element 503, the constant current gener- 
ator 504 and the adder circuit 505. 
[01 28] The monitoring EL element 503 may be includ- 
ed in the pixel portion or may be provided separately 
from the pixel portion. 40 

Embodiment 2 

[0129] A description given in this embodiment is on 
an example of the structure of a buffer amplifier in a tern- 45 
perature compensation circuit of a display device ac- 
cording Lo the present invention. - 

[01 30] Fig. 8 shows a case of manufacturing the buff- 
er amplifier from a TFT that has the same structure as 
a TFT in a'pixel. 50 
[0131] The buffer amplifier is composed of TFTs 1901 
to 1 909, a capacitor 1 91 0, constant current generators 
1911 and 1912, and power supply-lines 1930 and 1931. 
[0132] The description given here takes as an exam- 
ple the case in which the TFTs 1901, 1902, 1906 and 55 
1909 are n-channel TFTs whereas the TFTs 1903 to 
1 905 and the TFTs 1 907 and 1 908 are p-channel TFTs. 
[0133] The electric potential of the power supply line 



1 930 at this point is set higher than the electric potential 
of the power supply line 1931 . The electric potential of 
the power supply line 1931 is 0 V in Fig. 8 ; but it is not 
limited thereto. 

[0134] The polarity of the TFTs according to this em- 
bodiment is not limited to the above. That is, any of the 
TFTs 1901 to 1909 can choose an n-channel TFT or a 
p-channel TFT. However, the TFTs 1 901 and 1 902 con- 
stituting a differential amplifier 1921 have to have the 
same polarity and almost the same characteristics. Al- 
so, the TFTs 1 903 and 1 904 constituting a current mirror 
circuit 1922 have to have the same polarity and almost 
the same characteristics. 

[01 35] The operation of this buffer amplifier will be de- 
tailed below. 

[0136] A description will be made of the differential 
amplifier 1921 that is composed of the TFTs 1901 and 
1902. 

[0137] Source regions of the TFTs 1901 and 1902 
connected to each other are connected to the constant 
current generator 1911. 

[0138] There is a difference between an electric po- 
tential inputted to a gate electrode of the TFT 1901 
which corresponds to a non-inversion input terminal of 
an operation amplifier and an electric potential inputted 
to a gate electrode of the TFT 1902 which corresponds 
to an inversion input terminal of the buffer amplifier. The 
electric potential difference makes the amount of current 
flowing between a drain and a source of the TFT 1 901 
different from that of the TFT 1 902. The currents in the 
TFTs 1901 and 1902 are denoted by M and i2, respec- 
tively. 

[01 39] The current mirror circuit 1 922 is composed of 
the TFTs 1903 and 1904. Source regions of the, TFTs 
1 903 and 1 904 are both connected to the power supply 
line 1930. A drain region of the TFT 1904 and a gate 
electrode thereof are connected to each other. A gate 
electrode of the TFT 1 903 is connected to the gate elec- 
trode of the TFT 1904, and hence the gate electrodes 
of the two TFTs have the same electric potential. Ac- 
cordingly, the amount of current flowing between a 
source and a drain of the TFT 1903 is the same as the 
amount of current flowing between a source and a drain 
of the TFT 1 904. This means that a current i3 has to be 
inputted to the current mirror circuit 1922. The current 

13 corresponds to the difference between the currents i1 
and i2 respectively flowing through the TFTs 1901 and 
1902 of the differential amplifier 1921. 

[0140] The current i3 is supplied from the capacitor 
1 91 0. The supply of the current i3 increases an electric 
potential difference V1 between electrodes of the ca- 
pacitor 191 0. The electric potential difference V1 is then 
inputted to a source ground amplifier circuit 1923. 
[0141] The source ground amplifier circuit 1923 is 
composed of the TFT 1 905. The electric potential differ- 
ence V1 inputted serves as the electric potential be- 
tween a gate and a source of the TFT 1905. A current 

14 is supplied from the power supply line 1 930 in accord- 
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ance with the electric potential difference V1 . The con- 
stant current generator 1912 only generates a constant 
current iO. A current i5 corresponding to the difference 
between the current i4 and the current iO is therefore 
inputted to a source follower buffer circuit 1 924. The cur- 
rent i5 is increased in accordance with the amplified 
electric potential difference V1 . 

[0142] The source follower buffer circuit 1924 is com- , 
posed of the TFTs 1906 and 1907. The current i5 input- 
ted from the source ground amplifier circuit 1923 is in- 
putted to a gate electrode of the TFT 1 906. With the in- 
put current i5, the gate electric potential of the TFT 1 906 
is raised to increase a current i6 flowing between a 
source and a drain of the TFT 1 906. As a result, a larger 
amount of current than in the buffer amplifier is output- 
ted. - 

[01 43] When an output terminal of the buffer amplifier 
and the inversion input terminal thereof are connected, 
to each other here, the buffer amplifier operates such 
that the electric potential of the output terminal obtains 
the same level as the electric potential of the non-inver- 
sion input terminal. The buffer amplifier thus outputs 
from its output terminal the same level of voltage as the 
signal voltage inputted to the non-inversion input termi- 
nal. . 
[0144] The structure of the buffer amplifier in the dis- 
play device of the present invention is not limited to the 
one shown in Fig. 8, but every known buffer amplifier 
can be used. 

[01 45] This embodiment can be carried out in qombi- 
nation with Embodiment 1 without restriction. 

Embodiment 3 

[0146] This embodiment describes amethod of simul- 
taneously manufacturing TFTs for a pixel portion of a 
display device according to the present invention and 
TFTs for driver circuit portions that are provided in the 
periphery of the pixel portion . To simplify the description, 
a CMOS circuit that is a basic unit of a driver circuit is 
illustrated as the driver circuit portions. 
[0147] Referring to Figs. 19A to 19E, gate electrodes 
502 to 505 are first formed from a chromium film on a 
glass substrate 501 . A silicon oxynitride film (an insulat- 
ing film of SiOxNy) is used to form a gate insulating film 
507 on the gate electrodes. On tr\e gate insulating film 
507, an amorphous silicon Nlnvis formed and crystal- 
lized by laser annealing. The crystallized film is pat- 
terned to form semiconductor films 508 to 511 that are 
crystalline silicon films. The steps up through this point 
can be carried out with known materials and known 
techniques. (Fig. 19A) 

[0148] Next, insulating films 512 to 515 are formed 
from a silicon oxide film on the semiconductor films 508 
to 511 . The semiconductor films are doped with phos- 
phorus or arsenic through the insulating films. A known 
technique can be used as the doping method. As a re- 
sult, n type impurity regions 51 6 to 51 9 are formed. The 



n type impurity regions 516 to 519 contain phosphorus 
or arsenic in a concentration of 1 x 10 20 to 1 x 10 21 at- 
oms/cm 3 . (Fig. 1 9B) 

[0149] Using the gate electrodes 502 to 505 as 
s masks, the insulating films 512 to 515 are patterned by 
back side exposure to form insulating films (channel pro- 
tection films) 520 to 523. In this state, doping of phos- 
phorus or arsenic is again conducted by a known tech- 
nique. As a result, n type impurity regions 524 to 531 
io are formed. The n type impurity regions 524 to 531 con- 
tain phosphorus or arsenic in a concentration of 1 x 1 0 17 
to 1 x 10 19 atoms/cm 3 . (Fig. 19C) 
[0150] Then resist masks 532 and 533 are formed to 
conduct doping of boron by a known technique. As a 
'5 result, p type impurity regions 534 to 537 are formed. 
The p type impurity regions 534 to 537 contain boron in 
a concentration of 3 x 10 20 to 5 x 10 21 atoms/cm 3 . Al- 
though the p type impurity regions 534 to 537 have al- 
ready been doped with phosphorus or arsenic, now that 
^0 they are doped with boron in a concentration 3 times the 
phosphorus or arsenic concentration or more, the con- 
ductivity of the regions 534 to 537 is shifted from n type 
to p type completely. (Fig. 19D) 

[0151] The resist masks 532 and 533 are then re- 
25 moved, and a first interlayer insulating film 538 having 
a laminate structure of a silicon oxide film and a silicon 
oxynitride film is formed. A contact hole is formed in the 
first interlayer insulating film 538 to form wirings 539 to 
544 in which a molybdenum film and a tungsten film are 
30 layered. (Fig. 19E) 

[0152] Thereafter, a second interlayer insulating film 
545, a pixel electrode 546 : banks 547a and 547b, an EL 
layer 548, a cathode 549 and a protective film 550 are 
formed as shown in Fig. 20. A light emitting device hav- 
35 ing the sectional structure of Fig. 20 is thus completed. 
[0153] This embodiment can be carried out in combi- 
natfon with either Embodiment 1 or Embodiment 2 with- 
out restriction. 

40 Embodiment 4 

[0154] Fig. 9A is a top view of an EL display device 
using the present invention. Fig. 9B shows a cross-sec- 
tional view in which Fig. 9A is cut along the line A-A\ 
45 [0155] In Fig. 9A, reference numeral 4010 is a sub- 
strate, reference numeral 4011 is a pixel portion, refer- 
ence numeral 4012 is a source signal side driver circuit, 
and reference numeral 4013 is a gate signal side driver 
circuit. The driver circuits are connected to external 
50 equipment, through an FPC 4017, via wirings 4014and 
401 6. Reference numeral 401 5 is a wiring for the power 
source supply line. 

[0156] A covering material 6000, a sealing material 
(also referred to as a housing material) 7000, and an 
55 airtight sealing material (a second sealing material) 
7001 are formed so as to enclose at least the pixel por- 
tion, preferably the driver circuits and the pixel portion, 
at this point. 
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[0157] Further, Fig. 9B is a cross sectional structure 
of the EL display device of the present invention. A driver 
circuit TFT 4022 (note that a CMOS circuit in which an 
n-channel TFT and a p-channel TFT are combined is 
shown in the figure here), a pixel portion TFT 4023 (note 5 
that only a driver TFT for controlling the current flowing 
to an EL element is shown here) are formed on a base 
film 4021 on a substrate 401 0. The TFTs may be formed , 
using a known structure (a top gate structure or a bottom 
gate structure). 10 
[01 58] After the driver circuit TFT 4022 and the pixel 
portion TFT 4023 are completed, a pixel electrode 4027 
is formed on an inteiiayer insulating film (leveling film) 
4026 made from a resin material. The pixel electrode is 
formed from a transparent conducting film for electrically '5 
connecting to a drain of the pixel TFT 4023. An indium 
oxide and tin oxide compound (referred to as ITO) or an 
indium oxide and zinc oxide compound can be used as 
the transparent conducting film. An insulaLing film 4028 
is formed after forming the pixel electrode 4027, and an 20 
open portion is formed on the pixel electrode 4027. 
[0159] An EL layer 4029 is formed next. The EL layer 

4029 may be formed having a lamination structure, or a 
single layer structure, by freely combining known EL 
materials (such as a hole injecting layer, a hole trans- 25 
porting layer, a light emitting layer, an electron transport- 
ing layer, and an electron injecting layer). A known tech- 
nique may be used to determine which structure to use. 
Further, EL materials exist as low molecular weight ma- 
terials and high molecular weight (polymer) materials. 30 
Evaporation is used when using a low molecularweight 
material, but it is possible to use easy methods such as 
spin coating, printing, and ink jet printing when a high 
molecular weight material is employed. 

[0160] In embodiment 4, the EL layer is formed by 35 
evaporation using a shadow mask. Color display be- 
comes possible by forming emitting layers (a red color 
emitting layer, a green color emitting layer, and a blue 
color emitting layer), capable of emitting light haVing dif- 
ferent wavelengths, for each pixel using a 'shadow 40 
mask. In addition, methods such as a method of com- 
bining a charge coupled layer (CCM) and color filters, 
and a method of combining a white color light emitting 
layer and color filters may also be used. Of course, the 
EL display device can also be made to emit a single 45 
color of light. 

[0161] After forming the ELJayer 4029, a cathode 

4030 is formed on the EL layer. It is preferable to remove 
as much as possible any moisture or oxygen existing in 

the interface between the cathode 4030 and the EL layer so 
4029. It is therefore necessary to use a method of de- 
positing the EL layer 4029 and the cathode 4030 in an 
inert gas atmosphere or within a" vacuum. The above 
film deposition becomes possible in embodiment 4 by 
using a multi-chamber method (cluster tool method) film 55 
deposition apparatus. 

[01 62] Note that a lamination structure of a LiF (lithium, 
fluoride) film and an Al (aluminum) film is used in em- 



bodiment 3 as the cathode 4030. Specifically, a 1 nm 
thick LiF (lithium fluoride) film is formed by evaporation 
on the EL layer 4029, and a 300 nm thick aluminum film 
is formed on the LiF film. An MgAg electrode, a known 
cathode material, may of course also be used. The wir- 
ing 4016 is then connected to the cathode 4030 in a re- 
gion denoted by reference numeral 4031. The wiring 
401 6 is an electric power supply line for imparting a pre- 
determined voltage to the cathode 4030, and is connect- 
ed to the FPC 401 7 through a conducting paste material 
4032. 

[0163] In order to electrically connect the cathode 
4030 and the wiring 4016 in the region denoted by ref- 
erence numeral 4031 , it is necessary to form a contact 
hole in the interlayer insulating film 4026 and the insu- 
lating film 4028. The contact holes may be formed at the 
time of etching the interlayer insulating film 4026 (when 
forming a contact hole for the pixel electrode) and at the 
time of etching the insulating film 4028 (when forming 
the opening portion before forming the EL layer). Fur- 
ther, when etching the insulating film 4028, etching may 
be performed all the way to the interlayer insulating film 
4026 at one time. A good contact hole can be formed in 
this case, provided that the interlayer insulating, film 
4026 and the insulating film 4028 are the same resin 
material. 

[01 64] A passivation film 6003, a filling material 6004, 
and the covering material 6000 are formed covering the 
surface of the EL element thus made. 
[01 65] In addition, the sealing material 7000 is formed 
between the covering material 6000 and the substrate 
401 0, so as to surround the EL element portion, and the 
airtight sealing material (the second sealing material) 
7001 is formed on the outside of the sealing material 
7000. 

[0166] The filling material 6004 functions as an adhe- 
sive for bonding the covering material 6000 at this point. 
PVC (polyvinyl chloride), epoxy resin, silicone resin, 
PVB (polyvinyl butyral), and EVA (ethylene vinyl ace- 
tate) can be used as the filling material 6004. If a drying 
agent is formed on the inside of the filling material 6004, 
then it can continue to maintain a moisture absorbing 
effect, which is preferable. 

[0167] Further, spacers may be contained within the 
filling material 6004. The spacers may be a powdered 
substance such as BaO, giving the spacers themselves 
the ability to absorb moisture. 

[01 68] When using spacers, the passivation film 6003 
can relieve the spacer pressure. Further, a film such as 
a resin film can be formed separately from the passiva- 
tion film 6003 to relieve the spacer pressure. 
[01 69] Furthermore, a glass plate, an aluminum plate, 
a stainless steel plate, an FRP (fiberglass-reinforced 
plastic) plate, a PVF (polyvinyl fluoride) film, a Mylar film, 
a polyester film, and an acrylic film can be used as the 
covering material 6000. Note that if PVB or EVA is used 
as the filling material 6004, it is preferable to use a sheet 
with a structure in which several tens of aluminum foil is 
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sandwiched by a PVF film or a Mylar film. 
[0170] However, depending upon the light emission 
direction from the EL element (the light radiation direc- 
tion), it is necessary for the covering material 6000 to 
have light transmitting characteristics. 
[01 71 ] Further, the wiring 401 6 is electrically connect- 
ed to the FPC 401 7 through a gap between the sealing 
materia! 7001 and the substrate 4010. Note that al- 
though an explanation of the wiring 4016 has been 
made here, the wirings 4014 and 4015 are also electri- 
cally connected to the FPC 4017 by similarly passing 
underneath the sealing material 7001 and sealing ma- 
terial 7000. 

[0172] In Figs. 9A and 9B, the covering material 6000 
is bonded after forming the filling material 6004, and the 
sealing material 7000 is attached so as to cover the lat- 
eral surfaces (exposed surfaces) of the filling material 
6004, but the filling material 6004 may also be formed 
after attaching the covering material 6000 and the seal- 
ing material 7000. In this case, a filling material injection 
opening is formed through a gap formed by the sub- 
strate 401 0, the covering material 6000, and the sealing 
material 7000. The gap is set into a vacuum state (a 
pressure equal to or less than 10' 2 Torr), and after im- 
mersing the injection opening in the tank holdingthe fill- 
ing material, the air pressure outside of the gap is made 
higherthan the airpressure within the gap, and the filling 
materia! fills the gap. 

[0173] Note that it is possible to implement the con- 
stitution of embodiment 4 by freely combining it wjth the 
constitution of embodiment 1 to embodiment 3. 

Embodiment 5 

[0174] Next, an example of manufacturing an EL dis- 
play device having a structure which differs from that of 
Figs. 9A and 9B is explained using Figs. 10A and 10B. 
Parts having the same reference numerals as those of 
Figs. 9A and 9B indicate the same portions, and there- 
fore an explanation of those parts is omitted. 
[0175] Fig. 1 0A is a top view of an EL display device 
of embodiment 5, and Fig. 1 0B shows a cross sectional 
diagram in which Fig. 10A is cut along the line A-A\ 
[0176] In accordance with Figs, 9A and 9B, manufac- 
turing is performed through the step of forming the pas- 
sivation film 6003 covering the EL.element. 
[0177] In addition, the filling material 6004 is formed 
so as to cover the EL element The filling material 6004 
also functions as an adhesive for bonding the covering 
material 6000. PVC (polyvinyl chloride), epoxy resin, sil- 
icone resia PVB (polyvinyl butyral), and EVA (ethylene 
vinyl acetate) can be used as the filling material 6004. 
If a drying agent is provided on the inside of the filling 
material 6004, then it can continue to maintain a mois- 
ture absorbing effect, which is preferable. 
[0178] Further, spacers may be contained within the 
filling material 6004. The spacers may be a powdered 
substance such as BaO, giving the spacers themselves 



the ability to absorb moisture. 

[01 79] When using spacers, the passivation film 6003 
can relieve the spacer pressure. Further, a film such as 
a resin film can be formed separately from the passiva- 
5 tion film 6003 to relieve the spacer pressure. 

[01 80] Furthermore, a glass plate, an aluminum plate, 
a stainless steel plate, an FRP (fiberglass-reinforced 
« plastic) plate, a PVF (polyvinyl fluoride) film, a Mylar film, 
a polyester film, and an acrylic film can be used as the 
• io covering material 6000. Note that if PVB or EVA is used 
as the filler material 6004, it is preferable to use a sheet 
with a structure in which several tens of aluminum foil is 
sandwiched by a PVF film or a Mylar film. 
[0181] However, depending upon the light emission 
15 direction from the EL element (the light radiation direc- 
tion), it is necessary for the covering material 6000 to 
have light transmitting characteristics. 
[01 82] After bonding the covering material 6000 using 
the filling material 6004, the frame material 6001 is at- 
20 tached so as to cover the lateral surfaces (exposed sur- 
faces) of the filling material 6004. The frame material 

6001 is bonded by the sealing material (which functions 
as an adhesive) 6002. It is preferable to use a light hard- 
ening resin as the sealing material 6002 at this point, 

25 but provided that the heat resistance characteristics of 
the EL layer permit, a thermal hardening resin may also 
be used. Note that it is preferable that the sealing ma- 
terial 6002 be a material which, as much as possible, 
does not transmit moisture and oxygen. Further, a dry- 

30 ing agent may also be added to an inside portion of the 
sealing material 6002. 

[0183] The wiring 401 6 is electrically connected to the 
FPC 4017 through a gap between the sealing material 

6002 and the substrate 401 0. Note that although an ex- 
35 pianation of the wiring 4016 has been made here, the 

wirings 4014 and 4015 are also electrically connected 
to the FPC 4017 by similarly passing underneath the 
sealing material 6002. 

[0184] Note that the covering material 6000 is bond- 

40 ed, and the frame material 6001 is attached so as to 
cover the lateral surfaces (exposed surfaces) of the fill- 
ing material 6004, after forming the filling material 6004 
in Figs. 10A and 10B, but the filling material 6004 may 
also be formed after attaching the covering material 

45 6000 and the frame material 6001 . In this case, a filling 
material injection opening is formed through a gap 
formed by the substrate 4010, the covering material 
6000, and the frame material 6001. The gap is set into 
a vacuum state (a pressure equal to or less than 10" 2 

50 Torr), and after immersing the injection opening in the 
tank holding the filling material, the airpressure outside 
of the gap is made higher than the air pressure within 
the gap, and the filling material fills the gap. 
[0185] Note that it is possible to implement the con- 

55 stitution of embodiment 5 by freely combining it with the 
constitution of embodiment 1 to embodiment 3. 
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Embodiment 6 

[0186] A more detailed cross sectional structure of a 
pixel portion is shown here in Fig. 11. 

[0187] A switching TFT 3502 formed on a substrate 5 
3501 is manufactured by using a known method in Fig. 
11. A single gate structure is used in embodiment 6. 
Note that although a single gate structure is used in em- , 
bodiment 6, a double gate structure, a triple gate struc- 
ture, and a multi gate structure possessing a greater 10 
number of gates may also be used. 
[0188] A single gate structure of the driver TFT 3503 
is shown in the figures in embodiment 6, but a multi-gate 
structure in which a plurality of TFTs are connected in 
series may also be used. In addition, a structure in which is 
a plurality of TFTs are connected in parallel, effectively 
partitioning into a plurality of channel forming regions, 
and which can perform radiation of heat with high effi- 
ciency, may also be used. Such structure is effective as 
a countermeasure against deterioration due to heat. 20 
[0189] In this embodiment, an explanation is given in 
the case that the switching TFT and the driver TFT are 
both n-channel TFT. 

[0190] The driver TFT 3503 is formed by a known 
method. The drain wiring 35 of the switching TFT 3502 25 
is connected electrically to the gate wiring 37 of the driv- 
er TFT 3503. The drain wiring 40 of the driver TFT 3503 
is connected to the cathode 43 of EL element. Further- 
more, a source region 34 of the driver TFT 3503 is con- 
nected to an electric power supply line (not shown in the 30 
figures), and a constant voltage is always applied. 
[0191] A leveling film 42 from an insulating resin film 
is formed on the switching TFT 3502 and the driver TFT 
3503. It is extremely important to level the step due to 
the TFTs using the leveling film 42. An EL layer formed 35 
later is extremely thin, so there are cases in which de- 
fective light emissions occur. Therefore, to form the EL 
layer with as level a surface as possible, it is preferable 
to perform leveling before forming a pixel electfcde. 
[0192] Furthermore, reference numeral 43 denotes a *o 
pixel electrode (EL element cathode) made from a con- 
ducting film with high reflectivity, and this is electrically 
connected to a drain region 40 of the driver TFT 3503. 
It is preferable to use a low resistance conducting film, 
such as an aluminum alloy film, a copper alloy film, and 45 
a silver alloy film, or a laminate of such films. Of course, 
a lamination structure with another conducting film may 
also be used. 

[0193] In addition, a light emitting layer 45 is formed 
in the middle of a groove (corresponding to a pixel) 50 
formed by banks 44a and 44b, which are formed by in- 
sulating films (preferably resins). Note that only one pix- 
el is shown in the figures here, but the light emitting layer 
may be divided to correspond to each of the colors R 
(red), G (green), and B (blue). A n -conjugate polymer ss 
material is used as an organic EL material. Polypara- 
phenylene vinylenes (PPVs), polyvinyl carbazoles 
(PVKs), and polyfluoranes can be given as typical pol- 



ymer materials. 

[0194] Note that there are several types of PPV or- 
ganic EL materials, and materials recorded in Schenk, 
H., Becker, H. f Gelsen. O., Kluge, E., Kreuter, W., and 
Spreitzer, H., "Polymers for Light Emitting Diodes," Euro 
Display Proceedings, 1999, pp. 33-7, and in Japanese 
Patent Application Laid-open No. Hei 10-92576, for ex- 
ample, may be used. The entire disclosures of these ar- 
ticle and patent are incorporated herein by reference. 
[0195] As specific light emitting layers, cyano- 
polyphenylene vinylene may be used as a red light ra- 
diating luminescence layer, polyphenylene vinylene 
may be used as a green light radiating luminescence 
layer, and polyphenylene vinylene or polyalkylphe- 
nytene may be used as a blue light radiating lumines- 
cence layer. The film thicknesses may be between 30 
and 150 nm (preferably between 40 and 100 nm). 
[0196] However, the above example is one example 
of the organic EL materials which can be used as lumi- 
nescence layers, and it is not necessary to limit use to 
these materials. An EL layer (a layer for emitting light 
and for performing carrier motion for such) may be 
formed by freely combining light emitting layers, electric 
charge transporting layers, and electric charge injecting 
layers. 

[0197] For example, embodiment 6 shows an exam- 
ple of using a polymer material as a light emitting layer, 
but a low molecular weight organic EL material may also 
be used. Further, it is possible to use inorganic materials 
such as silicon carbide, as an electric charge transport- 
ing layer or an electric charge injecting layer. Known ma- 
terials can be used for these organic EL materials and 
inorganic materials. 

[0198] An anode 47 is then formed on the light emit- 
ting layer 45 from a transparent conducting film. The 
light generated by the light emitting layer 45 is radiated 
toward the upper surface (toward the reverse direction 
to the substrate on which is formed TFT) in embodiment 
6, and therefore the anode must be transparent to light. 
An indium oxide and tin oxide compound, or an indium 
oxide and zinc oxide compound can be used for the 
transparent conducting film. However, because it is 
formed after forming the low heat resistance light emit- 
ting and hole injecting layers, it is preferable to use a 
material which can be deposited at as low a temperature 
as possible. 

[0199] An EL element 3505 is complete at the point 
where the anode 47 is formed. Note that what is called 
the EL element 3505 here is formed by the pixel elec- 
trode (cathode) 43, the light emitting layer 45, and the 
anode 47. The pixel electrode 43 is nearly equal in area 
to the pixel, and consequently the entire pixel functions 
as an EL element. Therefore, the light emitting efficience 
is extremely high, and a bright image display becomes 
possible. In addition, a second passivation film 48 is 
then formed on the anode 47 in embodiment 6. 
[0200]. It is preferable to use a silicon nitride film or a 
silicon oxynitride film as the second passivation film 48. 
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The purpose of this is the isolation of the EL element 
from the outside, and this is meaningful in preventing 
degradation due to oxidation of the organic EL material, 
and in controlling gaseous emitted from the organic EL 
material. The reliability of the EL display device can thus 5 
be raised. 

[0201 ] Note that n-channet TFTs and p-channel TFTs 
may be used for the driver TFT. However, in a case the; 
anode of the EL element is an opposite electrode and 
the cathode of the EL element is a pixel electrode, it is io 
preferable thatthe driver TFTbe an n-channelTFT. Note 
that it is possible to implement the constitution of em- 
bodiment 6 by freely combining it with the constitutions 
of any of embodiments 1 to 5. 

75 

Embodiment 7 

[0202] This embodiment gives a description on the 
structure obtained by inverting the structure of the EL 
element 3505 in the pixel portion shown in Embodiment 20 
6. The description will be given with reference to Fig. 12. 
The structure of this embodiment is different from the 
structure of Fig. 11 described in Embodiment 6 regard- 
ing only with the EL element and a driving TFT. The 
same components as those in Fig. 11 are den'oted by 25 
the same reference symbols and explanations thereof 
will be omitted. 

[0203] In this embodiment, a switching TFT may be 
an n-channel TFT or a p-channel TFT and the same ap- 
plies to a driving TFT. However, the driving TFT, is de- 30 
sirably a p-channel TFT if a pixel electrode of an EL el- 
ement is an anode. 

[0204] In Fig. 12, a driving TFT 3703 is a p-channel 
TFT and can be manufactured by using a known meth- 
od. The driving TFT 3703 of this embodiment has a drain 35 
wiring 55 connected to an anode 50 of an EL element 
3701 . The driving TFT 3703 has a source region 56 con- 
nected to a power supply line (not shown). 
[0205] A switching TFT 3502 here is an n-channel 
TFT. A gate electrode 57 of the driving TFT 3703 is elec- 40 
trically connected to a drain wiring 35 of the switching 
TFT 3502. 

[0206] A transparent conductive film is used for the 
pixel electrode (anode) 50 in this embodiment. Specifi- 
cally, the film used is a conductive film containing a com- 45 
pound of indium oxide and zinc qxjde. A conductive film 
containing a compound of indium oxide and tin oxide 
may of course be used instead. 

[0207] After forming banks 51a and 51b from an insu- 
lating film, a light emitting layer 52 is formed from poly- so 
vinyl carbazole by solution coating. On the light emitting 
layer, a cathode 54 is formed from an aluminum alloy. 
In this case, the cathode 54 also functions as a passi- 
vation film. The EL element 3701 is thus completed. 
[0208] In the case of this embodiment, light generated 55 
in the light emitting Iayer52 is emittedtoward a substrate 
on which the TFTs are formed as indicated by the arrow. 
[0209] This embodiment can be combined freely with 



Embodiments 1 through 5. 
Embodiment 8 

[0210] This embodiment describes the structure of a 
source signal line driving circuit. 

[0211 ] The source signal line driving circuit is fabricat- 
ed by forming a bottom gate TFT on an insulating sub- 
strate through a process as the one shown in Embodi- 
ment 3. 

[0212] With reference to a circuit diagram of Fig. 15, 
a case will first be described in which the divided source 
signal line driving circuit shown in Fig. 1 7 in accordance 
with Embodiment Mode 2 of the present invention is ac- 
tually constructed using elements. 
[0213] This is an example of the case where a digital 
video signal is inputted from the external to the source 
signal line driving circuit to output the digital signal to a 
source signal line. 

[0214] Fig. 15 focuses on a latch (A) and a latch (B) 
in one block. 

[0215] A shift register 8801, latches (A) 8802 and 
latches (B) 8803 are arranged as shown in Fig. 15. A 
pair of latches (A) 8802 and a pair of latches (B) 8803 
are associated with four source signal lines S_a to S_d. 
[0216] "The description given in this embodiment is of 
a case where a digital video signal is divided into four 
parts and then inputted, so that the four signals are sam- 
pled at the same time. However, the present invention 
is not limited to this case and the signal may be divided 
into k parts (k is an arbitrary integer greater than 1) to 
sample the k signals. 

[0217] A level shifter, a buffer or the like for changing 
the amplitude of the voltage of a signal is not provided 
in this embodiment. However, it may be provided if a 
designer finds it suitable. 

[0218] A clock signal CLK, a clock signal CLKB ob- 
tained by inverting the polarity of CLK, a start pulse sig- 
nal SP, and a drive direction switching signal SL/R are 
inputted to the shift register 8801 from their respective 
wirings shown in Fig. 15. A digital data signal VD input- 
ted from the external is subjected to time base expan- 
sion and divided into four parts, which are inputted to 
the latches (A) 8802 from the wirings shown in Fig. 15. 
A latch signal S_LAT and a signal S_LATb obtained by 
inverting the polarity of S_LAT are inputted to the latches 
(B) 8803 from their respective wirings shown in Fig. 15. 
[0219] With an input of a signal from the shift register 
8801 , the latches (A) 8802 receive from signal lines of 
digital data divided into four parts the four parts of the 
digital data signal VD to sample the four signals simul- 
taneously and hold them in. In response to input of the 
latch signal S_LAT and the signal S_LATb, the signals 
held in the latches (A) are sent to the latches (B) 8803 
all at once to be outputted to the source signal lines S_a 
to S_d. 

[0220] Details of the structure of the latches (A) 8802 
will be described taking as an example a portion 8804 
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that is a part of the latches (A) 8802 and associated with 
the source signal line S_a. The portion 8804 that is a 
part of the latches (A) 8802 has two clocked inverters 
and two inverters. 

[0221] Fig. 16 shows a top view of the portion 8804 
that is a part of the latches (A) 8802. Denoted by 831a 
and 831b are active layers of TFTs that constitute one 
of the inverters of the portion 8804 that is a part of the , 
latches (A) 8802. Reference symbol 836 denotes a com- 
mon gate electrode of the TFTs constituting the one in- 
verter. The other inverter of the portion 8804 that is a 
part of the latches (A) 8802 is composed of TFTs whose 
active layers are denoted by 832a and 832b. On the ac- 
tive layers 832a and 832b, gate electrodes 837a and 
837b are provided. The gate electrodes 837a and 837b 
are electrically connected to each other. 
[0222] Denoted by 833a and 833b are active layers 
of TFTs that constitute one of the clocked inverters of 
the portion 8804 that is a part of the latches (A) 8802. 
On the active layer 833a, gate electrodes 838a and 
838b are formed to provide a double gate structure. On 
the active layer 833b, the gate electrode 838b and a 
gate electrode 839 are formed to provide a double gate 
structure. 

[0223] Denoted by 834a and 834b are active layers 
of TFTs that constitute the other clocked inverter of the 
portion 8804 that is a part of the latches (A) 8802. Or 
the active layer 834a, the gate electrode 839 and a gate 
electrode 840 are formed to provide a double gate struc- 
ture. On the active layer 834b, the gate electrode 840 
and a gate electrode 841 are formed to provide a double 
gate structure. 

[0224] The next description is of the structure of the 
divided source signal line driving circuit in the case of 
using an analog method. 

[0225] The analog method refers to a method in which 
the luminance of pixels is varied by inputting an analog 
signal into a source signal line in a display device. The 
description given here deals with a case where "an ana- 
log signal is inputted to a source signal line driving circuit 
to output the analog signal to a source signal line. 
[0226] Fig. 21 shows an example of the source signal 
line driving circuit employing the analog method. 
[0227] Similar to the above sampling of digital data 
signals, plural parts of an analog data signal VA which 
have been subjected to time base, expansion are input- 
ted from four wirings in Fig. 21.^ " 

[0228] Fig, 2.1 focuses on one block in the source sig- 
nal line driving circuit with the block associated with out- 
puts of signal lines S_a to S_d. 

[0229] A signal sent from a shift register 8801 simul- 
taneously turns TFTs 2101a to 21 01d ON, starting si- 
multaneous sampling of four parts of the analog data 
signal VA. 

[0230] The description given in this embodiment is of 
the case where four parts of the analog data signal VA 
which are to be inputted to four source signal lines are 
sampled at once . However, the source signal line driving 



circuit of a display device according to the present in- 
vention is not limited thereto. To elaborate, the invention 
can use a source signal line driving circuit in which the 
analog data signal VA is divided into arbitrary number 
5 of parts that are to be inputted to the same number of 
source signal lines and the parts are sampled at the 
same time. 

[0231] Fig. 22A shows an example of a circuit for sub- 
jecting an analog video signal to time base expansion 

10 so as to generate the analog data signal VA (hereinafter 
referred to as time base expansion circuit). 
[0232] Switches SW1 to SW4 are opened and closed 
one by one in response to an opening and closing signal 
shown in a timing chart of Fig. 22B. The analog video 

is signals are thus sampled and held in storage capacitors 
2201 to 2204. The signals held are outputted through 
buffers 221 1 to 221 4. The analog data signal VA divided 
into four parts is thus generated. 

[0233] The description given in this embodiment 
20 takes as an example the time base expansion circuit for 
converting an analog video signal into four parts of an- 
alog data signal VA which are associated with four 
source signal lines. However, the time base expansion 
circuit of a display device according to the, present in- 
25 vention is not limited thereto. To elaborate, the invention 
can use a time base expansion circuit for converting an 
analog video signal into an arbitrary number of analog 
data signals associated with the same number of sou rce 
signal lines. 

30 [0234] This embodiment can.be combined freely with 
Embodiments 1 through 7. 

Embodiment 9 

35 [0235] The material used in the EL layer of the EL el- 
ement in the EL display of the present invention is not 
limited to an organic EL material, and the present inven- 
tion can be implemented using an inorganic EL material. 
However, at present inorganic EL materials have an ex- 

40 tremely high driver voltage, and therefore TFTs which 
have voltage resistance characteristics such that they 
are able to withstand such a high voltage must be used. 
[0236] Alternately, if an inorganic EL material having 
a lower driver voltage is developed in the future, it is 

45 possible to apply such a material to the present inven- 
tion. 

[0237] Furthermore, it is possible to freely combine 
the constitution of Embodiment 9 with the constitution 
of any of Embodiments 1 to 8. 

50 

Embodiment 1 0 

[0238] In the present invention, an organic material 
used as an EL layer may be either a low molecular or- 
55 ganic material or a polymer (high molecular) organic 
material. As the low molecular organic material, materi- 
als are known centering on Alq 3 (tris-8-quinolylite-alu- 
minum), TPD (triphenylamine derivative) or the like. As 
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polymer organic material, * -cooperative polymer mate- 
rials can be given. Typically ; PPV (polyphenyle- 
nevynilene), PVK(polyvynilcarbazoie) : polycarbonate 
or the like can be given. 

[0239] The polymer (high molecular) organic material 5 
can be formed with a simple thin film formation method 
such as the spin coating method (which is referred to 
also as solution application method), the dipping meth-i 
od, the dispense method, the printing method, the ink 
jet method or the like. The polymer organic material has ; 10 
a high heat endurance compared with the low molecular ' 
organic material. 

[0240] Furthermore, in the case where the EL layer 
incorporated in the EL element incorporated in the EL 
display device according to the present invention has '5 
an electron transport layer and a positive hole transport 
layer, the electron transport layer arid the positive hole 
transport layermay be formed of inorganic material such 
as, for example, a amorphous semiconductor formed of 
amorphous Si or amorphous Si^C^ or the like. 20 
[0241] In the amorphous semiconductor, a large 
quantity of trap level is present, and at the same time, 
the amorphous semiconductor forms a large quantity of 
interface levels at an interface at which the amorphous 
semiconductor contacts other layers. As a 'conse- 25 
quence, the EL element can emit light at a low voltage, 
and at the same time, an attempt can be made to provide 
a high luminance. 

[0242] Besides, a dopant (impurity) is added to the or- 
ganic EL layer, and the color of light emission of tfie or- 30 
ganic EL layer may be changed. This dopant includes 
DCM1 , rule red, lubren, coumarin 6, TPB and quinaque- 
lidon. 

[0243] Besides, the structure of Embodiment 10 may 

be combined freely with any of the structures in Embod- 35 

iments 1 through 8. 

Embodiment 11 

[0244] This embodiment gives a description on a case 
of manufacturing an EL display device in accordance 
with the present invention with reference to Figs. 13A 
and 13B. 

[0245] Fig. 13A is a top view of an active matrix sub- 
strate with an EL element formed and enclosed thereon. 
Regions 801 , 802 and 803 sectioned by dotted lines are 
a source signal line driving circuit, "a gate signal line driv- 
ing circuit and a pixel portion, respectively. Reference 
symbol 804 denotes a covering member, 805, a first 
sealing member, and 806, a second sealing member. A so 
filler 807 (See Fig. 13B) is provided in a space between 
the active matrix substrate and the covering member 
within the surrounding first sealing'member 805. 
[0246] Denoted by 808 is a connection wiring for 
transmitting signals to be inputted to the source signal 55 
line driving circuit 801 , the gate signal line driving circuit 
802 and the pixel portion 803. The wiring receives a vid- 
eo signal, a clock signal and the like from an FPC (flex- 



ible printed circuit) 809 that serves as a terminal forcon- 
necting the display device with external equipment. 
[0247] Fig. 13A is cut along the line A-A' and the sec- 
tional view thereof is shown in Fig. 13B. In Figs. 13A 
and 13B, the same components are denoted by the 
same reference symbols. 

[0248] As shown in Fig. 1 3B, the pixel portion 803 and 
the source signal line driving circuit 801 are formed on 
a substrate 800. The pixel portion 803 is comprised of 
a plurality of pixels each having a TFT 851 that controls 
the amount of current flowing into an EL element (driving 
TFT), a pixel electrode 852 that is electrically connected 
to a drain region of the TFT 851 , and other components. 
[0249] In this embodiment, the driving TFT 851 is a p- 
channel TFT. The driving TFT will be described as a rep- 
resentative of TFTs that constitute the pixel portion, A 
CMOS circuit in which an n-channel TFT 853 and a p- 
channel TFT 854 are combined complementarily will be 
described as a representative of TFTs thai constitute the 
source signal line driving circuit 801 . 
[0250] Each pixel has, under the pixel electrode 852, 
one of a color filter (R) 855, a color filter (G) 856 and a 
color filter (B) (not shown). The color filter (R) is a color 
filter for extracting red light, the color filter (G) is a color 
filter for extracting green light, and. the color filter (B) is 
a color filter for extracting blue light. The color filter (R) 
855 is provided in a red light emitting pixel, the color filter 
(G) 856 is provided in a green light emitting pixel, and 
the color filter (B) is provided in a blue light emitting pixel. 
[0251 ]. . The first thing given as an effect of these color 
filters is that the purity of emitted light is improved in 
terms of color. For example, the EL element of a red light 
emitting pixel emits red light (toward the pixel electrode 
side in this embodiment) and the emitted red light pass- 
es through the color filter for extracting red light to gain 
an improved purity of red color. The same applies to cas- 
es of green light and blue light. 

[0252] In a conventional structure where a color filter 
is not used, visible light can enter from the outside of 
the EL display device to excite a light emitting layer of 
an EL element and to make the color of emitted light 
different from the desired color. On the other hand, when 
a color filter is used as in this embodiment, only a spe- 
cific wavelength of light is allowed to enter an EL ele- 
ment. Thus the inconvenience of EL element being ex- 
cited by external light can be avoided. 
[0253] There have been proposed some structures 
that include using a color filter. The EL element used in 
these conventional cases is one that emits white light. 
With the EL element emitting white light, red light is ex- 
tracted by cutting other wavelengths of light, which in- 
vites lowering of luminance. On the other hand, this em- 
bodiment in which red light emitted from an EL element 
passes through the color filter for extracting red light 
does not lower the luminance. 

[0254] The pixel electrode 852 is formed from a trans- 
parent conductive film and functions as an anode of the 
EL element. An insulating film 857 is formed on each 
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side of the pixel electrode 852, and a light emitting layer 
858 for emitting red light and a light emitting layer 859 
for emitting green light are further formed. Though not 
shown in Fig. 13, a light emitting layer for emitting blue 
light is formed in a pixel adjacent to the pixel having the 
light emitting layer 859. Thus color display is obtained 
by pixels emitting red light, green light and blue light. 
Needless to say, the pixel having the light emitting layer , 
for emitting blue light is provided with the color filter for 
extracting blue light. 

[0255] Other than organic materials, inorganic mate- 
rials can be used as the EL material. The. light emitting 
layer may be used in combination with one or more of 
an electron injection layer, an electron transportation 
layer, a hole transportation layer and a hole injection lay- 
er to form a laminate. 

[0256] A cathode 860 of the EL element is formed on 
the light emitting layers from a light-shielding conductive 
film. The cathode 860 is shared by all the pixels, and is 
electrically connected to the FPC 809 through the con- 
nection wiring 808. 

[0257] Then the first sealing member 805 is formed 
using a dispenser or the like, a spacer (not shown) is 
sprayed, and the covering member 804 is bonded. The 
filler 807 is filled into a region surrounded by the active 
matrix substrate, the covering member 804 and the first 
sealing member 805 by vacuum injection. 
[0258] In this embodiment, the filler 807 is doped in 
advance with barium oxide as a hygroscopic substance 
861. Although the filler is doped with the hygroscopic 
substance in this embodiment, it may be contained in 
the filler in chunks dispersed throughout the filler. Alter- 
natively, though not shown, the hygroscopic substance 
may be used as a material for the spacer. 
[0259] The filler 807 is then cured by irradiation of ul- 
traviolet light or by heating. Thereafter, an opening (not 
shown) formed in the first sealing member 805 is closed. 
After closing the opening in the first sealing member 
805, the connection wiring 808 is electrically connected 
to the FPC 809 with a conductive material 862. The sec- 
ond sealing member 806 is placed so as to cover the 
exposed portion of the first sealing member 805 and a 
part of the FPC 809. The second sealing member 806 
can be formed from the same material as the first sealing 
member 805. 

[0260] The EL element is enclosed in the filler 807 in 
accordance with the melhod described above, whereby 
the EL element is completely shut Out from the outside 
and moisture and substances promoting oxidation of the 
organic material, such as oxygen, can be prevented 
from entering the EL element from the outside. Thus an 
EL display device of high reliability can be manufac- 
tured. 

[0261 ] This embodiment can be combined freely with 
Embodiments 1 through 10. 



Embodiment 12 

[0262] This embodiment shows an example of the 
case where the traveling direction of the light emitted 
5 from the EL element and arrangement of the color filters 
are different from those of the EL display device shown 
in Embodiment 11 . The description will be given with ref- 
erence to Fig. 14. The basic structure of Fig. 14 is the 
same as Fig. 1 3, and only modified components receive 

10 new reference symbols and description. 

[0263] A pixel portion 901 is comprised of a plurality 
of pixels each having a TFT 902 that co ntrols the amount 
of current flowing into the EL element (driving TFT), a 
pixel electrode 903 that is electrically connected to a 

15 drain region of the TFT 902, and other components. 
[0264] In this embodiment, an n-channel TFT is used 
for the drivingTFT 902 in the pixel portion 901 . The drain 
of the driving TFT 902 is electrically connected to the 
pixel electrode 903, which is formed from a light-shield- 

2Q ing conductive film. The pixel electrode 903 serves as 
a cathode of the EL element in this embodiment. 
[0265] On the light emitting layer 858 for emitting red 
light and the light emitting layer 859 for emitting green 
light, a transparent conductive film 904 shared by the 

25 pixels are formed. The transparent conductive film 904 
serves as an anode of the EL element. 
[0266] Another feature of this embodiment is that a 
color filter (R) 905, a color filter (G) 906 and a color filter 
(B) (not shown) are formed in the covering member 804. 

30 With an EL element having the structure of this embod- 
iment, light emitted from the light emitting layers travels 
toward the covering member side. Therefore the color 
filters can be placed in that path of the light in the struc- 
ture of Fig. 14. 

35 [0267] Forming the color filter (R) 905, the color filter 
(G) 906 and the color filter (B) (not shown) in the cover- 
ing member 804 as in this embodiment is advanta- 
geous, for the steps of manufacturing an active matrix 
substrate can be reduced in number to thereby improve 

40 the yield and the throughput. 

[0268] This embodiment can be combined freely with 
Embodiments 1 through 10. 



45 



Embodiment 13 



[0269] This embodiment describes a case of actually 
constructing from elements the constant current gener- 
ator of the temperature compensation circuit which has 
the structure shown in Fig. 1 in accordance with Embod- 
50 iment Mode 1 . 

[0270] Fig. 23 is a circuit diagram showing the struc- 
ture of the temperature compensation circuit according 
to this embodiment. 

[0271] In Fig. 23, a temperature compensation circuit 
55 701 is composed of a constant current generator 704, 
a monitoring EL element 703 and a buffer amplifier 702. 
[0272] An output of the constant current generator 
704 is connected to one electrode of the monitoring EL 
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element 703 and to an input terminal of the buffer am- 
plifier 702. An output of the buffer amplifier 702 serves 
as an output of the temperature compensation circuit 
701. 

[0273] The output of the temperature compensation 
circuit 701 is connected to a power supply line 705, 
which gives an electric potential to a pixel electrode of 
an EL element (not shown) in a pixel through the source-: 
drain of a driving TFT (not shown). 
[0274] The constant current generator 704 is com- 
posed of an amplifier 706, a variable resister 707 and a 
transistor 708. 

[0275] The transistor 708 is a p-channel TFT in the 
description given in this embodiment but the transistor 
is not limited thereto. The polarity of this transistor may 
be of an n-channel TFT or of a p-channel TFT. Alterna- 
tively, the transistor may be a bipolar transistor. 
[0276] The transistor 708 has a source region con- 
nected to an inversion input terminal (-) of the amplifier 
706 and to the variable resister 707, and has a drain 
region connected to an output terminal of the constant 
current generator 704. A gate electrode of the transistor 
708 is connected to an output terminal of the amplifier 
706. 

[0277] A constant voltage V2 is inputted to a* non-in- 
version terminal (+) of the amplifier 706. 
[0278] The amplifier 706, the variable resister 707 and 
the transistor 708 that constitute the constant current 
generator may be formed on an IC chip or on the same 
substrate which has an insulating surface and on which 
pixels are formed. 

[0279] The monitoring EL element 703 connected to 
the constant current generator 701 operates so as to 
cause a constant current generated by the constant cur- 
rent generator 701 to flow. If there is a change in sur- 
rounding temperature while the display device is in use, 
the amount of current flowing through the monitoring EL 
element 703 does not change. Instead, the electric po- 
tential of the electrode of the monitoring EL element 
which is connected to the constant current generator 
704 is changed. 

[0280] The monitoring EL element 703 and an EL el- 
ement in a pixel are manufactured such that the relation 
of the amount of current flowing into the element to the 
level of voltage applied between two electrodes of the 
element is the same for both the rr\onitoring EL element 
703 and the pixel EL element atJhe same temperature. 
[0281]. The electric potential of an electrode of the 
monitoring EL element 703 which is not connected to 
the constant current generator 704 and to a non-inver- 
sion input terminal of the buffer amplifier 702 is set to 
the same level as the electric potential of an opposite 
electrode of the EL element in each pixel. 
{0282] In the temperature compensation circuit an 
electrode of a pixel EL element (pixel electrode) which 
is connected to the output terminal of the buffer amplifier 
has to be an anode if the electrode of the monitoring EL 
element which is connected to the output of the buffer 



amplifier and to the constant current generator is an an- 
ode. On the other hand, in the temperature compensa- 
tion circuit, the electrode of the pixel EL element (pixel 
electrode) which is connected to the output terminal of 
5 the buffer amplifier has to be a cathode if the electrode 
of the monitoring EL element which is connected to the 
output of the buffer amplifier and to the constant current 
generator is a cathode. 

[0283] A case in which the anode of the monitoring 
'. io EL element is connected to the constant current gener- 
ator 704 and the buffer amplifier 702 is considered here 
in this embodiment. In this case, the pixel electrode of 
the pixel EL element is an anode. 
[0284] In order to cause a current to flow into the mon- 
*5 jtoring EL element, an electric potential V1 is set to a 
level higher than an input electric potential V2. The elec- 
tric potential V1 is the electric potential of the terminal 
of the variable resister 707 which is not connected to the 
transistor 708 and to the non-inversion input terminal of 
20 the amplifier 706. The input electric potential V2 is the 
electric potential inputted to the non-inversion input ter- 
minal of the amplifier 706. An electric potential V3 of the 
anode of the monitoring EL element 703 is set to a level 
lower than the electric potential V2. 
25 [0285] When the electric potential V3 of the anode of 
the monitoring EL element 703 is changed to change 
the voltage between the two electrodes thereof, the 
electric potential of the anode of the pixel EL element is 
similarly changed to change the voltage between the 
30 two electrodes thereof. This change in voltage works to 
cause a constant current provided by the constant cur- 
rent generator 704 at the surrounding temperature to 
flow also into the pixel portion EL element. In this way, 
the pixel portion EL element receives a constant current 
35 irrespective of a change in surrounding temperature and 
emits light of constant luminance. 
[0286] The structure of the constant current generator 
is not limited to the structure of 704, but a constant cur- 
rent generator circuit of any known structure can be em- 
40 ployed without restriction. 

[0287] This embodiment can be combined freely with 
Embodiments 1 through 12. 

Embodiment 14 

45 

[0288] This embodiment shows results of measuring 
a change in luminance of a pixel EL element in a display 
device of the present invention which is caused by a 
change in temperature. 
so [0289] Fig. 24 is a graph showing the measurement 
results. In the graph, the axis of ordinate shows the lu- 
minance (cd/m 2 ) and the axis of abscissa shows the 
temperature (°C). 

[0290] The results shown are of the case where the 
55 temperature compensation circuit structured as shown 
in Fig. 23 is used. 

[0291] The graph also shows results of measuring a 
change in luminance of a pixel EL element due to a tern* 
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perature change in a display device that does not have 
a temperature compensation circuit. 
[0292] In the case where no temperature compensa- 
tion circuit is provided, the luminance of an EL element 
is increased as the temperature rises. On the other $ 
hand, in the case of using the temperature compensa- 
tion circuit, the luminance of an EL element is almost 
constant irrespective of the temperature. 
[0293] The present invention thus can prevent the 
change in luminance of a pixel portion EL element in a 'to 
display device due to a temperature change by using a 
temperature compensation circuit. 
[0294] The invention is also advantageous in the fol- 
lowing point. The EL layer constituting the EL element 
is formed mainly from organic compounds and degra- 15 
dation thereof is a problem required to be solved. Com- 
paring the case in which a pixel EL element emits light 
upon receiving a constant current flowing between the 
electrodes of the element with the case in which a pixel 
EL element emits light upon receiving a constant voltage 2° 
applied between the electrodes of the element, lowering 
of luminance due to the degradation of EL element is 
less in the former case. Therefore inputting a constant 
current into a pixel EL element in order to cause the el- 
ement to emit light as in this embodiment is capable of 25 
limiting the lowering of luminance duetothe degradation 
of its EL layer. . 
[0295] Thus can be obtained a display device in which 
the luminance of a pixel EL element is not changed by 
a change in surrounding temperature and the luminance 30 
is lowered less when the EL element is degraded. 

Embodiment 15 

[0296] The EL display device manufactured by apply-' 35 
ing the present invention can be used in various kinds 
of electronic equipment. The electronic equipment, 
which incorporates the EL display device manufactured 
by applying the present invention as the display medi- 
um, are explained below. *o 
[0297] Such kind of electronic equipment include per- 
sonal computer, a portable information medium (such 
as a mobile computer, mobile telephone, a electronic 
book and so forth), a game machine, a TV receiver, a 
video camera, a digital camera, a telephone, a head -*5 
mounted display (goggle type display), an image play- 
back device, a car navigation system and the like. Ex- 
amples of those are shown in Fig. 9. 
[0298] Fig. 25A shows a personal computer, which 
contains a'main body 2001 , a casing 2002, a display so 
portion 2003, a keyboard 2004 and the like. The EL dis- 
play device of the present invention can bo used in the 
display portion 2003 of the person'al computer. 
[0299] Fig. 25B shows a video camera, which con- 
tains a main body 21 00, a display portion 21 02, a sound 55 
input portion 2103, operation switches 2104, a battery 
2105, an image receiving portion 2106 and the like. The 
EL display device of the present invention can be used 



in the display portion 2102 of the video camera. 
[0300] Fig. 25C shows a portion (right side) of a head 
mounted display, which contains a main body 2301 : a 
signal cable 2302, a head fixing band 2303, a screen 
monitor 2304, an optical system 2305, a display portion 
2306 and the like. The EL display device of the present 
invention can be used in the display portion 2306 of the 
head mounted display. 

[0301] Fig. 25D shows an image playback device 
equipped with a recording medium (specifically, a DVD 
playback device), which contains a main body 2401, a 
recording medium (such as a CD, an LD or a DVD) 2402, 
operation switches 2403, a display portion (a) 2404, a 
display portion (b) 2405 and the like. The display portion 
(a) 2404 is mainly used for displaying image information. 
The display portion (b) 2405 is mainly used for display- 
ing character information. The EL display device of the 
present invention can be used in the display portion (a) 
2404 and the display portion (b) 2405 of the image play- 
back device equipped with the recording medium. Note 
that the present invention can be applied to devices 
such as a CD playback device and a game machine as 
the image playback device equipped with the recording 
medium. 

[0302] Fig. 25E shows a mobile computer, which con- 
tains a main body 2501 , a camera portion 2502, an im- 
age receiving portion 2503, operation switches 2504, a 
display portion 2505 and the like. The EL display device 
of the present invention can be used in the display por- 
tion 2505 of the mobile computer. 
[0303] Further, if the emission luminance of an EL ma- 
terial is improved in future, the EL material may be used 
in a front type or rear type projector. 
[0304] The electronic equipment of this embodiment 
can be realized using the constitution in which Embod- 
iments 1 to 14 are freely combined. 
[0305] Conventional EL display devices have prob- 
lems such as fluctuation in luminance and increased 
current consumption, for the amount of current flowing 
into an EL element is changed by a change in surround- 
ing temperature while the devices are in use depending 
on the temperature characteristic of the EL element 
even if the voltage applied to the EL element is the 
same. 

[0306] Also, a source signal line driving circuit com- 
posed of a bottom gate TFT is a hindrance for a display 
device to obtain a larger screen and more gray scales 
because of its poor frequency characteristic and result- 
ing slow operation. 

[0307] The present invention employs the above 
structures to keep the amount of current flowing into a 
pixel portion EL element constant against a change in 
temperature. The invention also gives a margin to sam- 
pling of a video signal in the source signal line driving 
circuit by subjecting the video signal to time base ex- 
pansion. 

[0308] In this way, the invention can provide a display 
device which can prevent the change in luminance and 
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increase in current consumption of the EL element due 
to a change in surrounding temperature and which can 
obtain a larger screen, higher definition and more gray 
scales by compensating the frequency characteristic of 
a source signal line driving circuit that is composed of a 
bottom gate TFT. 



Claims 

1. A display device comprising a buffer amplifier, a 
monitoring EL element, a constant current genera- 
tor, a plurality of pixels and a power supply line, 
wherein 

each of said plurality of pixels has a bottom- 
gate type TFT and an EL element; 
each of said monitoring EL element and said 
EL element has a first electrode, a second elec- 
trode and an EL layer interposed between said 
first electrode and said second electrode; 
said first electrode of said monitoring EL ele- 
ment is connected to said constant current gen- 
erator and a non-inverscd input terminal of said 
buffer amplifier; 

an output terminal of said buffer amplifier is 
connected to said constant current generator, 
and 

an electric potential of said power supply line is 
provided to said first electrode of said EL ele- 
ment though said bottom-gate type TFT. 

2. A display device comprising a buffer amplifier, a 
monitoring EL element, a constant current genera- 
tor, an adder circuit, a plurality of pixels and a power 
supply line, 
wherein: 

each of said plurality of pixels has a bottom- 
gate type TFT and an EL element; ; 
each of said monitoring EL element and said 
EL element has a first electrode, a second elec- 
trode and an EL layer interposed between said 
first electrode and said second electrode; 
said first electrode of said monitoring EL ele- 
ment is connected to said, constant current gen- 
erator and a non-inversed input terminal of said 
buffer amplifier; 

an output terminal of said buffer amplifier is 
connected to an in put terminal of said adder cir- 
cuit, 

an output terminal of said adder circuit is con- 
nected to said power supply line; 
the difference in electric potential between said 
input terminal of said adder circuit and said out- 
put terminal thereof is kept constant; and 
the electric potential of said power supply line 
is provided to said first electrode of said EL el- 



w 



15 



20 



25 



30 



35 



40 



45 



50 



55 



ement though said bottom-gate type TFT. 

A display device comprising: 

a monitoring EL element; 
a plurality of source signal lines; 
a plurality of gate signal lines; 
a plurality of power supply lines; 
a plurality of pixels; 

a source signal line driving circuit for inputting 
a signal into said plurality of source signal lines; 
and 

a gate signal tine driving circuit for inputting a 
signal to said plurality of gate signal lines, 

wherein: 

each of said plurality of pixels has an EL ele- 
ment, a switching TFT, and a driving TFT; 
each of said monitoring EL element and said 
EL element has a first electrode, a second elec- 
trode, and an EL layer interposed between said 
first electrode and said second electrode; 
a gate electrode of said switching TFT is con- 
nected to one of said plurality of gate signal 
lines; 

one of a source region and a drain region of 
said switching TFT is connected to one of said 
plurality of source signal lines, and the other of 
which is connected to a gate electrode of said 
driving TFT; 

one of a source region and a drain region of 
said driving TFT is connected to one of said plu- 
rality of power supply lines, and the other one 
of which is connected to one of said first elec- 
trode and said second electrode of said EL el- 
ement; and 

said monitoring EL element is used to reduce 
a change in amount of current flowing from one 
of said plural power supply lines into said EL 
element due to a temperature change. 

4. A display device comprising: 

a monitoring EL element; 
a buffer amplifier; 
a constant current generator; 
a plurality of source signal lines; 
a plurality of gate signal lines; 
a plurality of power supply lines; 
a plurality of pixels; 

a source signal line driving circuit for inputting 
a signal into said plurality of source signal lines; 
and 

a gate signal line driving circuit for inputting a 
signal to said plurality of gate signal lines, 

wherein: 



22 

9NSDOCID: <EP 1 168291A2 J_> 



43 



EP 1 168 291 A2 



44 



each of said plurality of pixels has an EL ele- 
ment, a switching TFT and a driving TFT; 
said source signal line driving circuit has a bot- 
tom-gate type TFT; 

each of said monitoring EL element and said 5 
EL element has a first electrode, a second elec- 
trode, and an EL layer interposed between said 
first electrode and said second electrode; 
a gate electrode of said switching TFT is con- 
nected to one of said plurality of gate signal to 
lines; 

one of a source region and a drain region of 
said switching TFT is connected to one of said 
plurality of source signal lines, and the other of 
which is connected to a gate electrode of said '5 
driving TFT; 

one of a source region and a drain region of 
said driving TFT isconnected to one of said plu- 
rality of power supply lines, and the other one 
of which is connected to said first electrode of 20 
said EL element; and 

a first electrode of said monitoring EL element 
is connected to said constant current generator 
and an non-inversed input terminal of said buff- 
er amplifier; - 25 
an output terminal of said buffer amplifier is 
connected to said plurality of power supply 
lines, and 

the electric potential of said plurality of power 
supply lines is provided to said first electrode 30 
of said EL element though said bottom-gate 
type TFT of said driving TFT. 

A display device comprising: 

35 

a monitoring EL element; 

a buffer amplifier; 

a constant current generator; 

an adder circuit; 1 

a plurality of source signal lines; 40 

a plurality of gate signal lines; 

a plurality of power supply lines; 

a plurality of pixels; 

a source signal line driving circuit for inputting 

a signal into said plurality of source signal lines; 45 

and 

a gate signal line driviag circuit for inputting a 
signal to said plurality of gate signal lines, 

wherein: so 

said source signal line driving circuit has a bot- 
tom-gate type TFT; 

each of said plurality of pixels has an EL ele- 
ment, a switching TFT, and a driving TFT; 55 
each of said monitoring EL element and said 
EL element has a first electrode, a second elec- 
trode, and an EL layer interposed between said 



first electrode and said second electrode; 
a gate electrode of said switching TFT is con- 
nected to one of said plurality of gate signal 
lines; 

one of a source region and a drain region of 
said switching TFT is connected to one of said 
plurality of source signal lines, and the other of 
which is connected to a gate electrode of said 
driving TFT; 

one of a source region and a drain region of 
said driving TFT is connected to one of said plu- 
rality of power supply lines, and the other one 
of which is connected to said first electrode of 
said EL element; 

said first electrode of said monitoring EL ele- 
ment is connected to said constant current gen- 
erator and an non-inversion input terminal of 
said buffer amplifier; 

an output terminal of said buffer amplifier is 
connected to an input terminal of said adder cir- 
cuit; 

an output terminal of said adder circuit is con- 
nected to one of said plurality of power supply 
lines; 

the difference in electric potential between said 
input terminal of said adder circuit and said out- 
put terminal thereof is kept constant; and 
the electric potential of said plurality of power 
supply line is provided to said first electrode of 
said EL element though said driving TFT. 

6. A display device according to any one of claims 3 
to 5, wherein said source signal line driving circuit 
has means for successively sampling digital sig- 
nals. 

7. ' A display device according to any one of claims 3 

to 5, wherein said source signal line driving circuit 
has means for successively sampling digital signals 
that have been subjected to k-fold time expansion 
(k is a natural number), the sampling being per- 
formed simultaneously on k digital signals. 

8. A display device according to any one of claims 3 
to 5, wherein said source signal line driving circuit 
has means for successively sampling analog sig- 
nals. 

9. A display device according to any one of claims 3 
to 5, wherein said source signal line driving circuit 
has means for successively sampling analog sig- 
nals that have been subjected to k-fold time expan- 
sion (k is a natural number), the sampling being per- 
formed simultaneously on k analog signals. 

10. A display device according to any of claims 1 to 5, 
wherein said first electrode is an anode and said 
second electrode is a cathode in both of said mon- 
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itoring EL element and said EL element. 

11. A display device according to any one of claims 1 
to 5, wherein said first electrode is a cathode and 
said second electrode is an anode in both of said s 
monitoring EL element and said EL element. 

12. A display device according to any one of claims 1 \ 
and 4, wherein at least one of said buffer amplifier ., 
and said constant current generator is composed of \ 10 
a thin film transistor. 

13. A display device according to any one of claims 2 
and 5, wherein at least one of said buffer amplifier, 
said constant current generator and said adder cir- '5 
cutt is composed of a thin film transistor. 

14. A display device according to any one of claims 1 
to 5 : wherein said EL element has an EL layer emit- 
ting monochrome light and color conversion layers 20 
in combination to provide color display. 

15. A display device according to any one of claims 1 
to 5. wherein said EL element has an EL layer emit- 
ting white light and color filters in combination to 25 
provide color display. 

16. A display device according to any one of claims 1 
to 5, wherein said EL layer of said EL element is 
formed from a low molecular weight organic, mate- 30 
rial or a polymer organic material. 

17. A display device according to claim 16, wherein said 
low molecular weight organic material contains AIq 3 
(tris-8-quinolilite-aluminum) or TPD (triphe- 35 
nylamine derivative). 

1 8. A display device according to claim 1 6, wherein said 
polymer organic material contains PPV (polyphe- 
nylene vinylene), PVK (polyvinyl carbazoie) or poly- 40 
carbonate. 

19. A display device according to any one of claims 1 
to 5, wherein said EL layer of said EL element is 
formed from an inorganic material. 45 

20. A display device according 40 any one of claims 1 
to 5, wherein said display device is incorporated into 
an electronic equipment selected from the group 
consisting of a personal computer, a video camera, so 
a head mounted display, an image play back device, 
and a mobile computer. 



55 



3NSDOCID: <EP 1 16S291A2J_=> 



24 



EP 1 168 291 A2 



to pixel 




BNSDOCID: <EP 1 1682&1 A2_l_: 



25 



EP 1 168 291 A2 




BNSDOCID: <EP 1 168291 A2_l_> 



26 



EP 1 168 291 A2 





CO 

tub 
Li- 



BNSDOCID: <EP 1 168291 A2_L» 



27 



EP 1 168 291 A2 



video 
signals 



CK, SP 




digi tal data . 
signals 

latch 
signals" 



1 02 



f 02a 



102b 



102c 



101 



Fig. 4 



28 



116 



T ^ 



8NSDOCID: <SP 11 68291 A2„L> 



EP.1 168 291 A2 




Fig. 5 



29 

BNSDOCID: <EP 1168291 A2_l_> 



EP 1 168 291 A2 




Fig. 6 



30 

6NSDOCID: <EP 1 168291 A2J_> 



EP .1 168 291 A2 




BNSDOCID: <EP 1 168291 A2J_> 



31 



EP 1 168 291 A2 




BNSDOCID: <£P 1 168291 A2J_> 



32 



EP 1 168 291 A2 





33 



EP 1 168 291 A2 





34 

BNSDOCID: <EP_1 168291 A2_L> 



EP 1 168 291 A2 




EP 1 168 291 A2 




EP 1 168 291 A2 




EP 1 168 291 A2 




EP 1 168 291 A2 




BNSDOCID: <EP 1168291A2J_> 



40 



EP 1 168 291 A2 




EP 1 168 291 A2 




appl i ed vol tage 



Fig. 18 V T1 > T2 > T3 



42 

SNSDOCID: <EP„ 1 168291 A2_l_> 



EP 1 168 291 A2 




43 

BNSDOClD: <EP 1 1 68291 A2_l_> 



EP 1 168 291 A2 




BNSDOCID: <EP .1 168291 A2_l_> 



44 



EP 1 168 291 A2 




CO 



45 

BNSOOCID: <EP 1168291A2_L> 



EP 1 168 291 A2 




46 

BNSDOCID: <EP 1 168291 A2_l_> 



EP 1 168 291 A2 




Fig. 23 



47 

BNSDOCID: <EP 1 168291 A2J_> 



EP 1 168 291 A2 




5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 

temperature (°C) 



Fig. 24 



BNSDOCID: <EP 1168291A2J 



48 



EP 1 168 291 A2 



2106 




Fig. 25E' 



49 



THIS PAGE BLANK (uspto) 



